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U^^ljjijj 2uxj^jtlt U^^JjjlJI 

C++ aJtL 4m jJI 
JAVA 2uL 2bt4 joJt 



: l5 j-£ oa*U 

: (J >-j! ■ VI 4 



lib**! Ja^ C*-c>- Ojjfl 4jcoU*j {V^ 0 -r^ Jt^J3^ 

diuL^Sn SjsL-^ JLJj .1990 juu ^jjdL, fli JUlaj 

4_**U- ij-t 4_-jL>^S3l 4— >.,,l^JI y oIjjx^jJI ^t^v*? ^j-^Ij 

.IBM tfyd gly ^jUoI Jx^aj ^ilft j\g J^p .^^1 
^LuaII ^LJI i$ «<JI ^y> ^rjjj^^-JI J-**>- «<jl^k>- 4jc*U- 



(iiUjTia If 



7 di^sti Jfu: : JiVl J-ill 

23 jSUM juii : yjiiJt J-iJt 

61 (ujliJl) jSUJI ^MibUttl JUII : Alftl J*2)l 

81 .J^hSU ttblMj <>Ofl J- qjgfilf uVUtl : jjl^Jt JuiJI 

99 ^mJiUm^I ul?jtf ^UN Juifl 

117 Jttl bjtt9> : j-jUJI 

145 uLiljtll : £UJI JmjJI 

161 (^/tfjjUij) 3*«iaii £MWi U(i 



Vector Analysis 



Jttllj £k-Jlj AXXll ^UltfUUI Jttltflf ✓ 




^-a^ jj-i IjJ <j-^ J! (fry 
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Vector Notation uL^uUI ub»Mtauol 

jIjlJLo 4J oJL_^-^3l 4 . J.yir'U JaiJL .C ol^^Jl jU (iaA3 

,a 2 *a v *a A ^ ^j^SJl jjL>*aJI j»Uai ^ z *y *x j^aJI oU^"l oJl^jJ! 

Uif y> iJ^ju j^^j A *>^JI 
A = /4 A . a^ + A y a v + /\- a, 

|A| = A = <JX} + Al + Al 
A - A 

aA= |a| -T 

Vector Algebra ul^uUl 

. O L^wftJ I ^ ^*->- J^aj • 1 

A ± B = a A + A v a r + /4 Z a z ) ± a, + fl v a v + fl z a, ) 
= (A X ±5,)a, + 04, ±B y )* y ±fl 2 )a : 

A + (B + C) = (A + B) + C 

*(A + B) = *A + *B, (*, + Jfe 2 )A = *,A + k 2 A 
A + B = B + A 
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US' yu ^j-^^J L y—LiuJI .3 

A.B=/t£cos0 ("B ^Uu^A" ly&) 

A • B = A x B x + A y By + i4, 5, 



|a| = VaTa" 




4^LJuJI oLft^li ^j-si? o^^j jjjU) (^W**-^ oy^l 1.1 Jll* 
A . (B + C) = A . B + A . C A . *B = k(A . B) 

Example LI The dot product obeys the distributive and scalar multipl- 
cation laws 

A . (B + C) = A . B + A . C A . *B = *(A . B) 

Using the properties of the dot product, prove property 3 from above. 
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A • B = (A x a, + A Y a y + A, a, ) • (B x a t + B y a, + B : a, ) 
= A x B x (a, • aj + A y B y (a, • a r ) + A 7 B z (a ; • a z ) 
+ A x B y (a x . a,) + + >4, fi v (a, • a,) 

a, • a, ; = 0 LU#. lj jl y /\ x = i) a, • a, = 1 Jl^^ll ^ 
idUJl wUJl oUI pj" dUj ^J* i*j 
A • B = A x B x + A y By + A z B : 

A x B = (A B sin 0)a„ ( "B <ybUsl A " ' >' ) 

JL^LA .'^S A Wat a 1^4— j j^j. LoJLLC B j A _j jUJl L J^— aJI ( ^JLc- 

oJlp\— fi" -j iJyu 1 I jjfc (l . 1 B eU^l ^ A J y^O. U-JLiC- 

jl-JI gL*l oUil ^ B oUil ^ A Jly^) Right-Hand Rule "^^1 jlJI 

JL->*j l-L$J .(c±>~^\ 4>^J j^va3l aU^VI flfc)'* 0 ^'* JS-^J ij^^ 

AxB=-Bx A 
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A X B = (AjB x + ^a r + Ap z ) X (5a + B y a y + £,a z ) 

= (4 r fl 2 - A z B y )a x + (A Z B X - A x B z )* y + (A x B y - A y B x )a z 

^>l>*j'^l ^Jj-soli L-jL^>J ^JL>»aJI °JJ*^ ^l.l-WV..il ^.ji' >^^AJ 



A x B = 



a 

X 

A 



a a 



5 B 



B 




a„ dbijl jlu^f 1-1 JSA 



.AxB jA.B Jb-jl B = a x -a } j A = 2a x + 4a, - 3a z jtf bl 1.2 Jli* 

Example 1.2 Given A = 2a x + 4a } - 3a z and B = a* - a y , find A • B 
and A x B. 

>»» 

A . B = (2) (1) + (4) (-1) + (-3) (0) = -2 
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A x B = 



a a 

y 

4 -3 

-1 0 



: -3a x - 3a_ y - 6a z 



Coordinate Systems 



JliJI ,£b jjJb Ijlaa* J>J1 Oj&j JfU^JI 
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£&y> j> US' (r, 0, 0) ij^l ^yj (r, <fi,z) aj.^IjJI iul^t-.Vl (*,)', z) 
aJIj^ m,^I oLJljb-yi ^LLj ^ ^jl** > r ^-^u .1.2 JSLiJL, 




y 



itoill ulul d^)f! ^11 aSull^f 1-3 JS£ 
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,yLJiS ^ ^jl^ll ^ 0 .r LL.*Ij jjX 

^jJLp 4— UU O<0<2tc ^y <t> JjJ^ .^.j^JIj oUljb-)ll 
4_ij^Ul oU'lJl^yi y .> oU«il y Jbjij JC jj>^o y JC-y 
./> iJudl j*. J^SlI 4k£ y J-^ljll LiJIj z ^U" 6 i^ljM 

A-ijJ.^jl oUljb-)!! ^yUSu y z ^r^i^Ji -0< 0£n ^ 6 

gtUr jhl> U-^J O^h t 1 -^ 1 J 

jJa— ^11 oJ^-a ^j-o^JI oUlj^yi y .1-3 Ji-ij ^ y US' sjuoU^o 
oL-ilJ^I1 y .culi = z <c*jU = y ,c-jIj = * SJl^^UI Q^jv.^M ^y 
— y c^U* = 0 <ijjj£]| y US' ^jx^aJI y c-jU" = z iuljL-iVl 

iLLiu y <*LUljij eJu»Lo ^Jl^k-^l oLMjb-)ll y oi* ^LJi Ai'^LJI 
^ j_jb c-jLj = 0 oL-Jljb-}M y ./> jlSLo ^jl^' ikiJI oJlaj 

<J_*sSfl Ujf^o ^y c*jU' = r i4jljL-.Sll y US' ^^-^ <-a.^;U 

J—^Sll 4-JaJU J — U- Z jj>^9 ^^Ip ojJ>^> ^* ~ ^ 

,P AkaJI JJL»«j I^aUUjj dJuLxJ) *Jsu«S(I eJjb 
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fLk UU- ^ ./> 4_LaJI julp ^*^JI dJl^^JI ol^> 1-4 JSLi 
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a r x a^ = a^ 



A = A x a x + >\^. + 4,8, >-^) 
A = A,a r + Ap $ + A^ 1^1) 
A = A,a r + A& 0 + A*a, (^jj — 

i«U- ii-^j ijU c.. v ,i <^JI .... *A Z ,A y *A X oLTj-JI jl i^-^Lo y^y. 

JUi J oUlj^l ^ Jl^ Ojfc CJU j£Jj 

jWIj >***if lA*\i3S\ j^UjJI 

Differential Volume, Surface, and Line Elements 

£^>- ^1 ojJb l^i>- oL^Uwj^^jl ^ JjL*aJI ja JJ& jjlp jl>- ^ 

oiLjJ JUL* .|^*>«J1 jl jJa— tj 1 ^ xj* - ^ L<> %J> <J\ 

(r + dr t <t> + d(j) f z + dz) /\ (x + dx, y + dy, z + dz) J J P ikidJ oLilJb-)M 
jjJI itJ A>° ,dv j^L^LJi' ^.i.v j^&j (r + dr,6+ d6, <j) + d0) jl 

oJu»j l*J 1 _ r _J 0 .0 Ljljjll .1-5 JSLi, ^ fit; JS* ,y 4v <_,L*>UJI 

.Ujj Juj JI>I 
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dv « dx dy dz 
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nti-5(o j£v>i] v^'u^ 



dS = (rdO)(rsinOd<t>) = r 2 sin 0 d6d<p 



dl 2 = dx 2 + dy 2 + dz 2 to/) 
J/ 2 = dr 2 + r 2 dtf> 2 + <fz 2 Qyl jk-I) 
d/ 2 = </r 2 + r 2 40 2 + r 2 sin </<£ 2 (<J3j~X) 



.90° i5jL-j ILwhaJI 
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Solved Problems AJ^w JjU* 

jIjJlJI Lo Mjc 2) )^2, Zi) \ M(x x , ^1 , z\) ■ U a a JI C *^aJI Jl>-jI 
Solved Problem 1.1 

Find the Vector C directed M{x { , V] , Zi) to N(x 2 , )'2 , Zz)- What is its magnitude 
and directional unit vector? 

.1-6 

A=^ ] a J + )' 1 a r + z,a z 
B = x 2 a, + )2a r + Z2»z 

C = B - A = (x 2 - xO a c + 0> 2 - y\) a v + (z 2 - Zi) a ( - 



C = |C| = - x, f + (y 2 - y, ) 2 + (z 2 - Z| ) 2 

= C = U2 - *1 )», + ( v 2 ~ ?1 ) a ,v + <*2 - Zl > a c 

c V^2-^) 2 +(y 2 ->'.) 2 +(z2-z 1 ) 2 
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- V^** Mx 2l y it z 2 ) 




./VjMJ }£jlf uIjaiLi 1-6 J£i 

1.2 il jJb^> a]L^ 

Solved Problem 1.2 

Find the distance between (5, 3ti/2, 0) and (5, k/2, 10) in cylindrical co- 
ordinates. 

.(1-7 JSLi >il) B j A ij-J^JI ^jaJI oL^j. VjI J^ji :J*J* 







>(5,*/2,10) 




/ B 






^ i i i i 





(5.3*/2,0) 



fasui & ami dUuj 1-7 jss 
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A = -5a > t B = 5a } + 10a, 
j,vha;ll j*j iiiliJI iiL-JI jj&j B-A = 10a v + 10a z viUjJ j 

|B-A| = 10>/2 

1.3 iJ ji^va ilL^» 

^Jp aLo— (2, 2, 1) julc- A^xJi Jl^jI A = (y - l)a, + 2xa v jlS* lil 

.B = 5a A - a ; . + 2a- 

Solved Problem 1.3 

Given A = 0' ~ Oa A + 2xa yt find the vector at (2, 2, 1) and its projection 
on vector B = 5a x - a r + 2a z . 

.1-8 JSLiJU ^ ^ US' A = (2- l)a x +'2(2)a J = a Jr + 4a J . :J*J* 
oLw'l ^-i SJL>-j)l 4— •>■;;■» 4d yco j\j O^jo ^ip 4>cj> iUv.J 

.^^LaaJI Vj-^^ -j^b (^^^ 4>»xJi 

A»B 

(i>Uu-l) Proj. A on B = A • a B = ^ 




Proj. A on B 

B tflfi A UL» 1-8 J££ 

Proj. A omo B = A.a B =^ = (l)(S) + (4)(-l) + (0)(2) = 1 
IBI 7(5) 2 + (-l) 2 + (2) 2 V30 
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1.4 jJ^va iJLwo 

ii^^iii .Ot<0</3 i^o^dl O-L^o iU^y ij^iii oLylj^yi ^JL>*l-i 

,j9 = 7C j a- 0 JUL* A^dl l» (l-9 J£-i) r = r 0 J* U±&> I4J 
Solved Problem 14 

Use the spherical coordinate system to find the area of the strip a<9<fi 
on the spherical shell of radius r = r Q (Figure 1-9). What results when 
a = 0 and /? = ;r? 




ijjji l*u* 1-9 jsJ# 

[1-5 (c) JSLill J»\] y> i^UJu JUs»LfeJI ^ljJ! :J^J» 
<tf = r£sin0d0<fy 

^ = J J'o sindJ^^ = 2^/J (cosa-cos/J) 

0 a 
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Static Electric Fields 



^1 jbUI 5uSij ^ tfji ✓ 

j-jLr ^lij ji^i ✓ 

^J^ll JWI oJmj ^jJjS 

Coulomb Forces and Electric Field Intensity 
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pljflL. Ju^jJIj (m) ^aJL. d iiL-Jlj (N) jij^dL. jjfc syll 
s-* J^SJ jIjU initio 4.i.^ /\ C 2 /(Nm 2 ) l^lJ^j -L-jJI iiUil .(C) 



in -9 

£ = e 0 - 8.854 x 10" 12 - F/m 
36* 



5-JLsj»^fij JiL— aJI £^>- <y 0 T ^y>\ji*\ J* 4,....; 11 

jJu ijLtJ jJLla cJlT lil ^1 JU- 



ijj US' Jplj 4jl£" SjIpJ jSIaj CjU^ImJI oJl* Jjoj 

F - aft . QxQi R m 

02 5 J 4j>«^o ^* a2i <Q2 ^j^J i**—^ Qi o^ii3 1 F| C-->- 

Qi £y> <2 2 =-300|iC Q, =20^C ^ syll J^rjl 2.1 Jli* 

.(2,0,0)111 Jlip Q 2 (0, l,2)m Jul* 

Example 2.1 Find the force on charge g, , 20 |iC, due to charge Q 2 , -300 
^lC, where G, is at (0, 1 ,2) m and Q 2 is at (2,0,0) m. 

£^JI ,2-1 JSLi ^1 ojLi^IL :J*Jl 
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= (0 - 2)a, + (1 - 0)a, + (2 - 0)a , = -2a, + a v + 2a, 
R 2l =V(-2) 2 +I 2 +2 2 =3 




4^(10- 9 /36^)(3) 3 * > 

= 4a x -2a v -4a, N 

Jjt^Jai" ^aj. t^-J oL>*-iD i»-J^ *Ja>- 4S}Lp Oli o^dJI olfc 



CG2 



F - ^1^2 n . 6163 - Y ^* 3 

4;r£ 0 *=2 **l 



r l -"J ^2" "21 ^ . ^2 "31 

4*e 0 /? 3 z , 



^U^^l £t>Jt J t U jx>- J^U- l 7 ftV...o cJiS' bl Ul 
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♦ (o^ff-l Q\) jL^-l 4i>*^ J* «y>Jl *^i3* syJI 4iL 
E = F./d 

>^ J£ oJyJI y>j ^l£JI jl (N/C) fJ ljf JS3 ^>JI ^ E ol-^j 
<(2-2 J-SLt) tjjjS oLJlj^j fLU J-^l <L* ^ Q .(V/m) 




(2) 



(2-3 JSLi) ij-Jj? oUIjl^I r Uii ^ Q lil 

E = A«« (3) 
Ake q R 

z i 

— " 

X (M'l.yi.ti) 

ajjUIi-l 2kL Q 2-3 JS1 



i-LfcJ fUa^ (0, 3,4) m julp E jl^-jI 2.2 Jti* 

.J-*^l 4Jaii ^ g = 0.5 \iC 

Example 2.2 Find E at (0,3,4) m in Cartesian coordinates due to a point 
charge Q = 0.5 [iC at the origin. 

iJUJI oJla ^ : J*Jl 

R = (0 - 0)a, + (3 - 0)a v + (4 - 0)a z = 3a y + 4a, 

/? = V3 2 +4 2 =5 

3a v + 4a 7 
a* = — - = 0.6a v + 0.8a 2 

LfiJ 4&\ JU^JI 5JLi jjSo* (3) fljuk^L 

E = °- 5xlQ ^ 2 (0.6a y + 0.8a, ) 

4;r(Kr 9 /36*)5 2 y 

.0.6a,. + 0.8a z .UjI ^ IEI = 180 V/m oji dUi JLpj 

Ja>- j I ^ja** ^^Ip J I j\ jA^^. it'jy i'-nM toJUP 
4_*aj>*>JI 4_JU$JJ .i^jUJI <LiJI JUP JIm ^■a..^i > 4i>i-i ^ r ^JLP JS' 

^L^L^JI JUJI Oj&j dQ = pdv 4i*^\ P(C/m 3 ) i^-iil 

(2-4 J£-i) P iLiJI jup 



4/r£ 0 /? 2 * 



- 27 - 





j*y ulfi Itjy Haiti 1m£ E 2-4 j£i 

JL^-aJI^ = p, i^ili j^j. p, (C/m 2 ) i^JLJ 

(2-5 JSLi) /> «kiJI julp JL^LUI 



dE 



P s ds 
4tc€ 0 R 



2 a R 



(5) 



JUJIj dQ^Pfdi a^l^\ j*fi£* P f (C/n\) Si^U iJa^JI iiUSUU 

(2-6 JSLi) /> ilxiJI julp JUUJi 
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(6) 




S 



ulc Ijiji* Halt E 2-5 Jtt 




L 



Ja ifij># IjaU U E 2-6 JSA 

<4* .ha; 11 4 :^,nll * t ^-* 4 »11 J C«i 4_^L>- -~1 ; S 0*i/L>- ±*ry 

4J.>UaJI Ajl^j^jl Aj^.^JI 4JLxjJlj (Ajl^^Ul aJmJI £l>wJI 

i-ib? oJLf lil .J-*?^ 4 -Ljlp 3LjL-»-aJ E o^-v. (2) 

(2-7 JSLi) j^j (6) ^\^J\ ^j4^* JUJ1 

(iJlJa^i oLiMji^l) E = -^— a f (7) 
2/Ee 0 r 
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P, yil^j W- 2-7 jtt 

(2-8 Jfct) ^ >o. 

(8) 



E = 



2e 0 




7~ 



p t uilfi V tfjL** gib* 2-8 J£i 
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>LJI y E JLj-jl (2-9 J£i) jc = ± 1 jUi, jr 

Example 2.3 Two infinite uniform sheets of charge, each with density 
p s , are located at jr = ±1 (Figure 2-9). Determine E in all regions. 



- X- 



Pi 




J?>ji 1i*£t JJjJJ 2-9 J£i 

Jl« -up j^yjl y& jJj>^iJI j*>-jlll ^ 2-9 JSLi :J*Jt 



E = 



-(ft/so)** x<-l 
0 -1<jc<1 

(pj£ Q )Sk s x>\ 



uJJlij cH^ 1 

Electric Flux and Gauss' Law 

.iJL— J I a ,11 ^yJLc- ^^Ltj 4^>-jaJI 4';>«.«M *F ^jt&l ^j***^ 
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4> = G(C) 

Lr JL* li* .-G J* +fi -dys JjiasH -M*^ d\ j~> 2-10 (a) JSLi 
i^^o a_1U- Jjmj 2-10(6) JSLi .jIjlaJI ^^ii U$J j..v.;.^ll jl 

^jJs- OjSj 0 h J&\ J>j-la>- j^i 4-1UJI «JL> ^ 't^**- 2 ' ^J-^ 

(2-11 J-SLl) a SJl^jJI A^i* oUo'i i^b P iLiJI J^>- jijdl 
D= — a (C/m 2 ) 




D 4j£H jJUUI Utt t*i^3 2-11 Jtt 
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,S ^L** l^j Jxo*j_j p (C/m 3 ) L^iliT ix>mjA ^yu**- gjj> {jzti. 2-1 2 <J£-i 
ii| .4— JU-IjJI iJUiJI 4.;.^U ^Uu ^* S jUJl jJa-JI ^ ^JJI 

^ .all ji ^^-^ jj-O^T j^jL-S ^j^j, .4>-L*aJI jm^'P- 4jk£o J^Aj" i/S C**>- 

y = ^D.dS = ^„ closed (9) 




5 4UU 5k- 1*1 p (4^l2S liai 2-12 jSi 

.(2-13 J£i) J<^l iJaii JUP <? «JaiJI ito^JI 
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jlfti tfJjS >IJ litiu ii*S 2-13 JS1 

D j^S Ji'UilJ i^ii jjj <r ^ ^tfyVi *J (^J^ -11 oi^j Ja-^l li| 

^ ^L— Jl j^JLp oJLoUia JjSi'j ^L-JI jlJLiJI Uj&* Q J <>*~6 

ij^l iJ^UJl g^s* (9) ^jU- OjiU fljLi^L 

Q = jD»dS = D§dS= D(47tr 2 ) 

s s 

JUS D = Q/4k r 2 Ifrjuj 
(^j/oLJIj^J) D = ^a r 

D = £E 

J( >Ua* >^>JU Ujup pi^v,.., ^LJl JU*AJ i r ..'*,^..ll 
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jD*dS 



divD = V#D= lim ^ = lim genclosed = 



Av-»0 Av Av-»0 Av 

^jl*- J^jUJ iJaiJI 5jj-.dJI j^Jb oJjh 

V*D = p(C/m 3 ) (10) 
* * 

r> - < V7 a ^ ^A y dA, 

iSj#j? V»A = — - L + —- + — ^ (11) 
ox ay az 

^Ijk-f V .A = i|-K) + i^ + ^ (12) 
r dr r d<(t dz 

r0 < r < 1 m ^>JI ^D = (-2x 10 4 /r)a f (C/m 2 ) lil .2.4 JlS* 
ij^l oLflJb-)ll flj^-b D = (-4x 10' 4 /r)a,(C/m 2 ) r> 1 m j^l 

Example 2.4 In the region 0 < r < 1 m, D = (-2 x 10^/r)a r (C/m 2 ) and 
for r > 1 m, D = (-4 x 10~ 4 /r 2 )a r (C/m 2 ), in spherical coordinates. Find 
the charge density in both regions. 

0< r< 1 m ^ii (B) .(io) :J»Ji 

p-V.D-4 r f(r l D r )--i-f(-2xlO-r)-^2{2l(C/m 3 ) 

r or 1 7 r dr v 7 r' 
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p = V.D = -L|-(-4xl<r') = 0 



r > 1 m j^>J3 



r 2 3r 




Theorem 



Qndeftad 



Work, Energy, and Potential J^tllj iiUaJlj JjuJI 

F = QE (N) 

(2-14 JSLi) oU.il 
F= QE F fl = -QE 




Q Jfi ojjji\ ^j2lf 2-14 jSi 



.(J) J^JI ^ 
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ll^ <//= Irfll 4iU* 

dW = F a *di=-QE* d\ 

^ dW=-QEdl<0 d\* E <fl ^ i-^o Q j^Sj Ujuip 4:1 J^^L. 

i-^UI ^ .^^i JU^I ii-Jj* Jl^j Ji J*-iJI 01 J\ SjLil 
JU* J^i-jJI J-i^ll jl j-ii. ciUS 01* £>-y> dW jtf bj 

: lJ j^HS' A^lj^II j^oip 4jj»iu> oLT y> .^^$531 JU«aJI 

(-bj-ij?) = <*xa x + </ya y + dz* 2 
(iol^k-l) J| = drz r + r </0a^ + Jza z 
(ijj— 0 Jl = Jra, + r </0a e + r sin 0 Jtf>a^ 

c/ ^ u 5 ' 1 - ^ 2.5 Jli* 

E = (jr/2 + 2y)a Jf + 2xa„ (V/m) 

4-AloJ (a) Q = -20 i_JaAi ^ii-tj^i J ji-JI jA-iJI -br 

.(4, 2, 0) m 5Lijl (4, 0, 0) m XLiJI ^ (4, 0, 0) m J I J-^Sfl 
Example 2.5 An electrostatic field is given by 

E = (*/2 + 2y)a, + 2*3, (V/m) 

Find the work done in moving a point charge Q = -20 |iC (a) from the 
origin to (4,0,0) m, and (b) from (4,0,0) m to (4,2,0) m. 

.di = dxa x JUAJ x jy^A j** J^l jUJI (a) ij*^ 
= -QE • d = (20 x 10~* + 2y 

W = (20 x 10^)J o 4 ^ + 2y)^| v=0 = 80 //J 
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= dya y wOJ JJj a v ol~ I J ^Ldl jUJI (b) 
W = (20x\Q^)j*2xdy\ x= 4 = 320 ^ 

^ ^-Uj .^JLjl jUJI ^ -u^o. V ^L- Jl>^> 

2-15 JSLi 

[ E«<fl=-f E*J1 or & E»d\=0 

. CJL- ^1 (5) jL*Jlj Cptja 



i 



jj&l ji-Aj >Mt jal- ^Jb.J&Jtjp^i JWU 
v -;J64U. Jts- ,/Ul Jfe*JI ^ ^ 4fc >j jL-Jl ^ 




JrfLSoU jiUi*. jljU* 2-15 Jtt 
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^Jn JjJljJI J-A-sJt JUpjf 2.5 JLi. ^ E JU-JJ 2.6 Jli* 

. |t ,«7„.i Jv- j\~> (0, 0, 0) J\ &yrj (4, 2, 0) j» ii^l 

Example 2.6 For the E field of Example 2.5, find the work done in mov- 
ing the same charge from (4,2,0) back to (0.0,0) along a straight-line path. 



•y j * J cr^& J\ r-*i J^ 1 J* & " : lH 



W = (20xl0^)J^ 0 * 0 ) , ^| + 2yj. x + 2x« y .(A., +dy« > ) 

0 - 0 

W = (20 x \0^)j-xdx + (20 x lO^J^dy = -400 /iJ 
4 2 2 

4J1 ^ 80 + 320 = 400jJ ojIjlJu J-i-i jl J^"^ 2.5 JUJI y> 
pj' ^jJl Ji-sJI Lr i; fUJU tlUij tyrj^ ^jljN fStf iJLy^Jl 

J-i-iJI jj-So ^jii-b Ja>- jL-jo ^^Ip JImJI ik*J^j 4*-U-jl 

V^=~-fE.<fl (J/CorV) (14) 
jJU, V AB jj-i IJub = V AC - V BC JiiU* E JU*JI jl vi-»- 
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.B ^JsA A J^r o\ JUj A B ja <^JI oJb-j dl^^J Ji-i JJu 

01* (2) ibUJI >i 



4;re 0 r 




Oj-SLi p(C/m 3 ) <iL£S* cjISj jjJm J^U- 'M 

(2- 16 JSLi) /> ilaiJI jup JUUJI jl^>JI 



4ne 0 R 4/te 0 R 



volume 



pdv 
4xe 0 R 



W 2^*1 U J^Jt 2-16 j£i 



JSLi ^ l^h-ia iLjy ipjj^a f jlj*^ 40/3 UjIjlci iif 2.7 Jli* 

jj-jnaJI JJLP 4J>wJI o-i^J 4'-^.v'i JL^JI J^rjl .2 m e Jai* <Ju0i j* 

Example 2.7 A total charge of 40/3 nano coulomb is uniformly distrib- 
uted in the form of a circular disk of radius 2 m. Find the potential due to 
this charge at a point on the axis, 2 m from the disk. 

.ijya-^l oLfljb^l fib flJLi^-L J**) I jUoJ jSU,. 2-17 JSLi ^ :J»J» 









t (0, 0. 2) 











u^b* tSjti* jtfji 2-17 J£i 



Q 4Q/3X10' 9 lO" 8 2 
ft =- — = ; = — — (C/m ) 



Area 



4* 
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3* 



f = V4 + r 2 (m) 



2*2 



V = 



4-jULcll 45%Jlj .(14) J«l£JI ik-l^ lit olki> J^JIj ^S3I JU-JI 
. K fjW* JL$>- E iUo.J L^fbii-il ij&H 

Jjj^t jlL-j'yi Ciil JLfr»Jlj (ji^^l JU*aJ1 
E = -VV 

\jS Jyu oUIJb-'jH [JaJ V JkpJI Gradient ^jjj" y> W 

(W) VV = -., + -, + -a z 



t ^ „ ¥/ av av av 

( V I 1) W = — a r + — a, + — a, 
dr rd<p * dz 



3r r a0 r sin 6 d<p * 

Example 2.8 In spherical coordinates, it was shown that for a charge Q 
the potential is V= QI4ne Q r. Using the spherical gradient, 



E = -W = - — 
dr 



la, =- f a r 



4;re 0 r J 4^e 0 r' 

.(2) *J,}1«aJ\j j**<cJ 1 (j—ii 
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Current and Conductors uM^^llj jLull 

f Jl^wj CoUiM jU! iJU ^y li^P / y>J>\ f jlAjl- ylj-iJl ^ 

.(S) ^JL^Jl ^y cr JLL^jall o!jl>-j .5iUJ! J»-b J^jJI olij^^J)! 
(2-18 J£i) ibUJU Jaiu JL^^JI jUIj Jl**JI 0* S^WI 

J = oE (A/m 2 ) 

.iULi 0 j^a> ^y Ohm's Law ^jl o ^iVs l$JI jLij aJjUaJI & 1a 



"-0 -©^ 



Jmji yi jUUI jkJ3 2-18 J£i 



.ill— 3b* I— * Ji-) 5 jJUl JyAJ J jUI iili^ 

^ J -J ^LiJt >LSi- jot / jUI ^ J^JI 

(2-19 JSLi) ^UJI o*UJI v^o 

dI = J*dS /= Jj.rfS 




S Stud! J}£ J JkJ3 2-19 Jtt 



Sis* v^JlT lij 2-20 JS^, jafJI jyljjl JULJI <y jLdl J*r/\ 2.9 Jli* 
.2 mm JUUI >5 ujUij .J =15(1- ^ i000r )a z (A/m 2 ) jU! 

Example 2.9 Find the current in the circular wire shown in Figure 2-20 
if the current density is J = 15 (\~t' lo00r ) a^ (A/m 2 ). The radius of the 
wire is 2 mm. 

- j^y .... ci^- oLJljb- 1 )!! fltij dUUI Js*j 5 :JjJ1 

j/ = j.^S = 15(l-e- ,000r )a ; T^^a c 

In 0.002 

/=( ( 15(l-f- ,000r )r^r^ = 1.33xl0- 4 A = 0.133mA 
o o 
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2 



ft 



dU jUI jUUI 2-20 JS$ 
61* 2-21 JSLi US' t A ink;:,* ^Lao a^L^o <J J-^^*JI 0^ IS I 



i 



i 



R = — (ohms, ft) 

. 1 S 1 = 1 £2 4'li,»l^> ^9 "it -^-'y. 

pj-Lia jL-Jl Oj-£j 4-JUJI obi^JI JLiP jL*-^/! ij2uu 

jl-OJI ^ j^X ^yJa Ji jLJI iiliS' J^i .J-^^Jl (^j^U) 

J^-UVl bJL^^J 4-^*jJI J I Jjb^o ^^Lu ^jJlj K iibSJl o^oe v_iyu 
r U>j ^i^i -iil^kj £±u- J* jUJI J&JI jUI ^ 2-22 JSLi .(A/m) 
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K ^1 jUjJI ttltt 2-22 j£i 



Capacitance ijuJI 

.iJjlp SjLbj aJL^o oiLa 



^jUJi c u ,.,u ^ j^jo- aiuiii i^Ji jr jfui juji au ^ 

(2-23 JSLi) -WUu. o,UJI JUJI jl wU- f Ijjno-L 

2 3 4 1 

jE»<fl+jE«<fl+jE«<fl+jE»dl = 0 



JjUj jru JmUII Jail di£ jU# 2-23 jSi 

^1 tfjjj dJj>j yuJJ E c~>- 

2 2 
jE«<fl = jE,d/=0 
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.2-24 JSwJIj j*-jo US' J^UII Jl>JI ^^Ip sjloLcuo c.<^j o ^Jw? 




J)lcj Jw>4 JmUJI 0*11 dit ^>aJI Jbfcl) 2iS>i jUjI 2-24 jSi 

^Ijla ,„V| ^Uijl jlf lil yUJI ^jL ^UJI gk- J*l&jl 

J-p-b D jl j-i^JI j £L5)I ^k^, ^j-U JjoL£JI .ywJI 

J D»</s = J = J Pj <tf 
j_Ji^j. II* .J^UJI j>JI jup JjUil ^iDJ io^wJI ijS>JI D„ 

oir bj j^s 
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.JjUJIj J-^^l Jjrf J-^U!I JL>JI -LLP p, 
ll-A LiJJj ^^^-fll JU>Ji ^'L^i y.hgv...o iljUJI ilj^Jl 

«J,ju JjUJI Vr^Jb ^t^ 1 a- ^l?/^ -kj" f 1 ^ 

£ 4^U ...11 Jj.^ J* SJL^-jaJIj iJaiJI ii^Jl ^ «^J^*J 

iU^l^j D j E Jajjj ojUlI 

D = £E 

e=e r eo 

.e, > 1 iJjU5l jI^JI .biUU J^il c-U /\ i>U}l £ r 

^Jp -G j o^U^^JI ^ +G i^K-i i^-j v r ^-j. yj^JI Jl^JI 









^yLftj'j j»UaJLU 4w,,.U IgjL u3 yu 












.(F) iljli ^ <*uJI isj^j 




1 F = 1 C/V 



^J^JI J-*>l 2-25 JSLi, j-jl>^JI j-^l i*~ Jbrj! 2.10 

. (^j^JI 4 a lav I a 

Example 2.10 Find the capacitance of the parallel plates in Figure 2-25, 
neglecting fringing (i.e., assume the Meld is uniformly distributed be- 
tween the plates and the charge is uniformly distributed on the plates). 




y 



X 



jjjlji* jp-ji i'i 2-25 JS1 

Ji_ll c yjl J* i^tj +Q rfJ LJl c yJt Js, a^i» oi j>ji> rJ^J* 
i&jLJi ^yJI ^ |Jixi« i^ill gjy jl ^yijj .-Q 




j-» \+->cj»j L»hv;» D jjSo .-p., Ji— Jl qJJ' J* *»VsS" jjSoj 
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D = — (-a.) and E= ^ (-a.) 

.[(14) f lj^-L] 

d 
0 

j_p ijtiLSUI <j> M iU>v.l jSLm 2-26 (a) JSLi* ^ US' D j E J 

.[2-26 (fc) JSLi] ^jljJ! ^ ^j***^ fU^ 1 ^> 

£ _£o£rl^|_ £. _£o£r2^1 

C ^= c i + Q=^r(e r ,^| +e r2 M 2 ) (15) 
a 




tfjIjUl yu*H 2-26 J£A 

J-SLii j-jt E j D ^^Ip lJaja* ^jJjLjJLJ L ^-JI jl^JI Ujulp 
Lf J^ j-JiSLJI jl jLjipl j-p jl*-jS" 4_iilSUI i*-JI j^i 2-27 («) 

.[2-27 (b) JS^] JI^Jl 
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£ n £ r A 



c \ = 



£«£ r ,A 



— = — + — 



(16) 



• r — I— 



(a) 



^Ijil! hilSU uuSjS 2-27 j£i 



5.5 mm J-^lij 0.30 



2.11 J Li* 



= 2.5 mm <£ f3 = 6.0 <</ 2 = 2.0 mm *£ r2 = 4.0 <d x - 1.0 mm ,£,, = 3.0 

Example 2.11 A parallel plate capacitor with area 0.30 m 2 and separa- 
tion 5.5 mm contains three dielectrics with interfaces normal to E and D, 
as follows: e rl = 3.0, d x = 1 .0 mm; e r2 - 4.0, d 2 = 2.0 mm; £ r? - 6.0, d^ 
= 2.5 mm. Find the capacitance. 
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W = e 0 (3.0)(0.30) = 796nF 
1 </, 10" 3 

(16) flJLi.x-.il .C 3 = 6.37nF ,C 2 = 5.3l nF JiJU 

= « + q- + o or C =2.12nF 

C 7.96 xlO" 9 5.31 xlO" 9 6.37 xlO" 9 q 



0 



Solved Problems 4l$l?t4 JjL** 

2.1 iJ jJb^> aJL^> 

(0,0, 3) m jlip 100 /xC i^aJI Jpo^JI j^-jJ .2-28 J£-i J I 5jLi^L 
.±4m julp y 3 x ^J* 20 //C ia-i ijL-^ obJ. £jl OJb-j bi 

Solved Problem 2.1 

Refer to Figure 2-28. Find the force on a 100 //C charge at (0,0,3) m if 
four like charges of 20 ftC are located on the x and y axes at ±4 m. 
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y 



100 \x.c Ujidfr jj>3 ^1 jpi 2-28 j£i 

) ? = 4 m julp 4 I o^iJi ' J^J^ 
(10^X20x10^) f -4a v + 3a z ^| 

iJuJ * iUT J* UajJ .y = -4 m -Llp <;.>,.: 1 1 Jj^ jp ^ }bv >^y** y j* 

Sis oL>-SJI 

2.2 iJ 

fi 2 = 0.55/iC j (0,4,0)m jup Q, =0.35 /iC J i*^; (0,0, 5)m julp E j^j! 

.(2-29 J£-i (3, 0, 0) m jllp 

Solved Problem 2.2 

Find E at (0,0,5) m due to Q x = 0.35 \xC at (0,4,0) m and Q 2 = -0.55 nC 
at (3,0,0) m (see Figure 2-29). 
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R, =-4a y + 5a z ,l R, I = VTT m 
R 2 =-3a r +5a z JR 2 l=V34m 

0.35 xlO~* f -4* y + 5* z \ 
~4^(10" 9 /36^)(41)1, V?T J 
= -*8.0a y + 60.0a, V/m 




.(0, 0, 5) m E uU^ 2-29 j£i 



£ -0.55x10^ f -3a,+5a^ 
2 4^(1 0" 9 / 36^)(34) t V34 J 
= 74.9a r - 124.9a T V/m 

(0, 0, 5) m julp ^KJI JUJI 

E = E, +E 2 = 74.9a r - 48a y - 64.9a, V / m 

2.3 il jl*tJ> iJL^i 

.flktfL ^yil (0, ^ /i) jup £ JUJI 5JLi JL^jl 

.(2-30 JSLi >3l) z = 0 j r<a j c-utf = p. 
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Solved Problem 2.3 

Find the electric field intensity E at (O,0,/i) due to the uniformly charged 
disk p v = const., r < a, z = 0 (see Figure 2-30). 




li**t\ j&Oa jtjii iUul (0, <p, h) Jifi E 2-30 Jtt 



4« 0 (r 2 +A 2 )[ V77^ J 



rdrd<f> 



2 x 3/2 



2c 0 



( -1 ^ 



a, V/m 



JU^JI j-Aj .E-»(p,. /2£b)a 2 V/m ol* L«jup -* 5 T Ji^^L 
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2.4 il jl^-o aJL^> 

J-S' D iUw.'jl ^jL^ O^iU fJLi^J .(2-31 JSLi) p(C/m 3 ) l^lsf 
Solved Problem 2.4 

The volume in cylindrical coordinates between r = 2 m and r = 4 m con- 
tains a uniform density p (C/m 3 ) (Figure 2-3 1 ). Use Gauss' law to find D 
in all regions. 

'I r 




p(C/m 3 ) 



4 m 



uJljUJ j#M piC/m 3 ) ifitiS *il*2> 2-31 JS1 

^Jp .4j*U r cJlf til jlJJuJI ^ cuU D ol 4-JlsJI UJbJI .^LaJl 
ji j-i^aJl ^jLu jaZilfrJI ^ti., ^ (9) ^la.JI 
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jD*dS=D(2xrL) = Q, H 



0<r<2mpJtfj2-31 JSLi 



0,^=0 = D(2xrL) 
=>D = 0 



Q enc =xpL(r 2 -4) = D(2nrL) 

=>D = -^-(r 2 -4)a r C/m 2 
2r 



Q en , =xpL(\6-4) = D(27rrL) 
=>D = ^a,C/m 2 



2 < r < 4 m 



r > 4 m p-JiJ 



2.5 *J jl?b0 4lLw» 
,(2-32 JS^) 6 ^jUJI J^JIj 

Solved Problem 2.5 

Find the capacitance of a coaxial capacitor of length L where the inner 
conductor has radius a and the outer has radius b (Figure 2-32). 



^ p, (JjUJIj J-^^aJI j-e ijJL->Jl -Ujj-iJ *-^0 D = A j^J' r = fl 
d& JU^ .(i-^ Ifril J>j*) J**^ 4,.-kIi...H iilifll 

D = p v -a r C/m 2 , E = -^-a, V/m 
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Q = pA2nal) ^UIjJI J^jJI ^ U£JI 

C _Q _ 2ne 0 e r L p 
V ln(6/a) 
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Static Magnetic Fields 

jiiu - ^ jjiii ✓ 

Biot-Savart Law jliU - £U j^jli 

O^iUb uij-ju 43^jJI oJl* .a/t ^ Idi J ^1^3*^! vV*^' a* iJ ^. 

:(3-l JSLi) jUL—j-rf 
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ikiJl jLJI j*&5> R oUoi .R oUni'l ^ SJLj-jJI 4_>*^o a/f 




JH ^luy jUj 3-1 j£i 

H^^f (A/m) 
^ ^ss- dUij jjJLi* jL-* j^jIp OjSy. jt v--^- J^^JI 

* 

oLoiJb-)!! j»lLL» z jy*-» ^J* I jt-y Ifc y^. ^ fJ*^ 3.1 Jli* 
.H JL>-jl .3-2 JSLio ijiya— Sll 

Example 3.1 An infinitely long, straight current filament / along the z- 
axis in cylindrical coordinates is shown in Figure 3-2. Find H. 



(1) oj^aJI ^IJl>*^Li 

Idz a x X (ra f — zaj 

4jr(r 2 +2 2 ) 3/2 
/ dz ra* 



4jr(r 2 + z 2 ) V2 



H = 



J 



4*(r 2 +Z 2 ) 3 ' 2 



a* = a * 
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Ampere's Law jua\ 

jLJI ^jL*j j^Ujo jL-^o Jj^- <^U-Ji JImJI 5Jui 4.^*^' J^l&Ji 

^H.dl = / enc (2) 

.4JUIS0JI ^jol j^ilB 5j^s<» <<* O-Lfc 

j_f. / j^cJ j^uji ilk ji f yjt 01 ^J^* il*jJU 
l_J> jLuj oiUJI ^ ojSj, jLJI ol-» ^Ui j-* ^Jb .J*l£Jl 

4-J»-j^ iJUjb O^-iO" jl JLj *1 4_i^i H J ^,«vl Jtt Ji\ j^iU JULP 

.jL^JI ^^1p 4j^>5*p ^1 4a*-Uj9 L»J H JjSj* ^JUaJI jL..a.U jop .1 

.^U* H vi~>- jL-Ji Ja& ^ i^U <*Ji H ii-li" .2 

^'A,itfv ...< / jL*y 4— Li ^ am'LJI H u^li 3.2 

Example 3.2 Use Ampere's law to obtain H due to an infinitely long, 
straight current filament /, 

OjSj 3-2 J_SLi y gyljJI iLis Jil 01 ^ jliL-_^u j^U :J^J» 

villi ^^JLp .4ft .at I L$)j 4* v .»Uuft H 
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JJ .c^UJI ^^SJI jUIj H jTUl ^-J*LiJI Jl~JI 

ikiJi l^uo ^Uuo jjSy. A 4^uO JU«* Xolp ^JUJ^l 

J-oL&JI j^-i .C jJju ^^^jlaj itU^fl A S <ij^p~j* <*-L-* J^-^ 3-3 ,J£-^ /* 

jlJI ^L^l) ^j-uJi jlJI oJlpLs Jj-?.^ ^Jl>«j a„ ^j^ajJI sjl?-^JI a>^o 

^ US' lJjjO* a„ oL>«i'l ^ A lJUJI i-S^ oil .JSLiJlj j> US' 

<t A» d\ 

(curlA)*a n = Vx A»a n = Hm 

A5— »0 Ao 




A J iUIrtl 3-3 Jtt 



• 3 ~ 4 y ^ 



V x A «a. = lim 

AyA*->o AyAz 




J-*>*5JI jIj-^j AS jLfjl ^ jSj JLjlp A = Aa + A v a y + A ; a z jlS' lil 

2 J 4 I 

f-M*M 



12 3 4 



dA 7 



= A v Ay + | ^, +-^-AvjAz + |^A v +-^Az 



dA v 



(-Ay) + A,(-Az) 



3A, 3/4 v ^ 
3> & > 



A>'Az 



VxA«a, = 



3A 2 My 



dy dz 
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VxA = 



(dy dz J ' { dz dx P' 



(3) 



oLjIJj-'}M ^\JS*Z~u\j .i>y+ai\ l yxju £• iiLJI ii^UI 



xA= ;^-^^ + l^r-37k + T 



3z dr 



dr d(/> 



VXA: 



rsinfl 



30 d0 J ' /-[sin0 90 9r 

( if frM,) dA r 
r[ dr dO 



(5) 



V.(VxA) = 0 
.yL^aJI (^jLo ^L*«Liu iJb jlJ 1 tjliJl .2 

V x (V/) = 0 

dUi JLp E = -W j^U! ^^£1 JU^JLI JbJI JLp 
VxE = 0 

^Ju^\ ^jL-o. cJUJ^II jtf bl :JiftUJI JUJI 4^J >T jL^I IJla 
(curl H) v Liyu'^l ibUJI ibf jSUj 4^ ^1 j^U >JL 
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VxH»a.= lim 1 = lim —^— = J % 

AyAz->o AyAz AvA^->o AyAz 

ii^UJI JiJLf .i-Ldi ^1 julp 7, jLJi iibfj (curl H) A A-fy> 

US' ^^i* iJfll 4i^U3! jl* *iUi .y 4^S>j jc i~JL» 

VxH = J (6) 

JL>bO 5JL_Ji 4_Jj OjJaS *,4-^ £_-Li9 4J ^Sv ,-o Jiji* J-^J* 3.3 <J&* 

H = (//2nr)a«> <Jj (r < a) J-^J1 J_^-b H = (Irilna 2 )^ ^^Uu. 

.^j^JU J jLJl iilif jl^jI .(r><?) J 

Example 3.3 A long, straight conductor cross section with radius a has 
a magnetic field strength H = (/r/2;w 2 )a 0 within the conductor (r < a) and 
H = [}/2nr)2L^ for r > a. Find the current density J in both regions. 

(6) j (4) f U^ly J^JI Ji-b :>Ji 

, „ „ d ( /r ^ 1 8 ( Ir 2 ) J 

.no 2 ^LaJI is-L-uo ^ic- ^UaiiL +z oUjI ^ / 4A-JL jLj jJ^Uj IAa 

j = vxH = 4(^v + ifm a .=o 
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Magnetic Flux Density and Gauss' Law 

<J ^, .all i—sb? jJbH J ^j-L^xJI 5j_iJl JL^fl .Ja— ^li ^^JLp JL^jju 

B =/iH (7) 
(tesla) *>Lj ^ B 50*- j .-L-^JI ioLfcl ^ /x = /io// f c*->- 

1 T = 1 

JS3 ^yjb ol-b-j LfJj 4k x 10" 7 iiJLP l$J /io j*sJl ioU;l 

L_ol jl>-IjJI i-jy \i r ^ <...mULju ^J»JI ^IjaJI .H/m ^ 

<I> = jB-dS (8) 

^jj^jJI j\— (^Ip .U.y.y villi iJL» 0$Si' jl O SjLil 

ia_Jy .Wb (weber) ^^Jl ^ j^^-JpUaJI JslAS SJb-j .dS jJa-JI L5 U 

lT=lWb/m 2 , 1 H = 1 Wb/A 

•iJL-^lj 0 = 7t/4 ^ — *JI * * j_*J ^Ul ^^a-uiJI Ju^jl 3.4 Jti* 
2.5 A 4_x*Ji jLJI (3-5 J-£-i jjbsl) 0<z<2m j 0.01 <r<0.05 m j 

.a z oUil J Z jy** iLxi ^ y^jj 
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Example 3.4 Find the flux crossing the portion of the plane <j> = n/4 de- 
fined by 0.01 < r < 0.05 m and 0<z<2m (see Figure 3-5). A current fil- 
ament of 2.50 A along the z-axis is in the a^-direction. 




jlu Uui Jibs** Ji£ ^abUitl j*u)l 3-5 J£i 

Jj-so^JI (7) aJjUJIj 3.2 JU*j i^-dlj 3-5 J£-i :J*Jl 

2;rr 
= drdz 2l$ 

Jj y> [(8) f ljL*o-lJ J.tiv.mill J5U ^^LiJI 

2 0.05 . 

o oo. 2jTr 

= 2^V. )n O05 =1 6]xl0 -6 W5= , 61 ^ Wb 
In 0.01 



^^yijl «^i3U«j ( IJla .^-j-.-.U JLmJI jt lift JUj. .aj.I^ jl aj.1Ju iL* l^J 
^ ji Ju *5l jliJl jJa-JI J^Ju. (^JJl Lr *^U*AJI [ j*Jb\ 3-6 JSLi 

V»B = 0 (9) 
.^y-J.LL^J! JUJJ ^jU- jjili l$JI jLij. (9) lihUJI 



rfS 




B JU« J* Jli* gb«i 3-6 Jtt 

Inductance J^Lu jl) AjWI 




(10) 
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C*>- (henry) 1^:4 J 1 L 5JL_>-j .5JU>-lj 4 jll ^L-aJI ^..a! I O 

. 1H = 1 Wb/A 



/ 



^^L La^ (J**-?. J-*^* 

(11) 




jUj 4j >u Ifl* Imj^I 3-7 JSS 

JjLjuij /i Ja-«jAJ <L>-Ia*JI J-vsLs- U^SO' L jl w^.l 4^>-^IaJI 

• i»JL>-^ JjUl jjSo j^-iJJLA 

jc^jJI tiUi Jio J*>yJ J^UI oJw-jJ C*>JI J*Uq J^jl 3.5 Jli» 

.3-8 JSLij 

Example 3.5 Find the inductance per unit length of a coaxial conductor 
such as that shown in Figure 3-8. 
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iSjjpy* Jm>« 3-8 J£A 

JjJaJ .OjLi = 0 ^tuJJ ^jUJI ,jiuji3l Jji^ jj* j}lw»JAJl; jljLJI J»?j"jJ> 

Y= 1 m 



(^jj^aJI J-^jaU JjUi 5Jb-^l t^**JI J^oIaa (ll) j»ljLi*^-L» 

Lper meter = In- (H/m) 
2k a 

a h m : \ ^.ycJI jt JJJJI C^Jl J*U* 3-13 3-9 ju> JlSLi^l 
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N turns 



'hfjA 2b»U« 41 u2b- til* 3-9 J££ 




5 (bit fe>U* 4i (^b- kilt 3-10 J&L 





S ojgitf 4} Jjjb bit* 3-13 J£i 




✓ 












✓ 




l^il ^yJw IJl»j Afli~iift ^;i^t»L<UJt ^fO^I -kjLi- 


✓ 












✓ 












✓ 



Solved Problems JjU* 

3.1 iJ i]L^ 
.L L^nJUi7 J^t iju^o iiU- lj^d ^ H JL»-jl 

Solved Problem 3.1 

Find H in the center of a square loop of side L. 
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> y 






in 










t/ 


-in 




X 






-in 


dx 





./ jUj \4f Iuja lib- 3-14 jSi 

L-ii £-JL^ t-a^gi JS' j^i JjUJI .3-14 J£-£; J* ^ J-*^' 

y = -ZV2 j 0 < jc < U2 ^JUJI ljU*J .>.i./ivuU Jul* H J jlJLiJi ^ 

La^v'ftH JUP JL»«*JI Oji jUL-.-j-u jjilS J) m lair -LLP J 



(/d^a x )x[-jca x +(L/2)a > ] 
4;t[jc 2 +(L/2) 2 ] 3 ' 2 



Idx(L/2)a, 
4*[jc 2 +(L/2) 2 ] 3/2 



A/m 



i^irull ^1 JUJ1 d\* JUATj 



L/2 



H = 8 J 



Idx(U2)a z 
4*[jt 2 +(L/2) 2 ] 3/2 



o 

2V2/ 2V2/ . 



- 76 - 



3.2 ili—^ 

Solved Problem 3.2 

A thin cylindrical conductor of radius a, infinite in length, carries a cur- 
rent /. Find H at all points using Ampere's law. 

.3-15 JSLij / 

$H«dl = 2*rrff # =/ w =0 

2 jL-aUj 

$H«<fl = 2;rr//, = / 

Ja-iJI jl-ip Lol .j-i^l ^^k-^t J-*^»JI J^b -LiJI Jlip H = 0 
^iLjJI JU«aJI li* r > a J H = (//27t r) a 0 A/m ols J-^^Jt 



I 




iiij UljhJ j*j jtu 3-15 j£i 



3.3 iJ jJL*-« aJL^» 
^LiJI oL^i ^9 Jby 



H = 



2.39xI0 6 



cos#a r A/m 



.3-16 JSLi jtsl 0<z< 1 m <-7c/4 < 0 < tc/4 h ^JywJl 
Solved Problem 3.3 



A radial field 



H 



2.39xlO b 



cos0a r A/m 



exists in free space. Find the magnetic flux O crossing the surface defined 
by -n/4 < $ < tu/4, 0 < z < 1 m. See Figure 3- 1 6. 



-ir/4 




uJljbJ jk-J >jUJI ^^blUII >udJ1 3-16 JS^u 

ww 3.00 

B = // 0 H = cos0a r T 

r 



1 n/4 ( 3 00 ^ 
0 = J J l-^cos*a,U(rd*<fca r ) = 4.24 Wb 

3.4 aJ jJjn^ i)L** 

4-jJ|jIaJI <jl^Ja O^L^jaJJ jyjl 5Jb-jJ ^**Jl JjoU-d JL*-jl 

.a = 0.803 i-^jj j </=25pJtf C~>- 3-11 JSLio 

Solved Problem 3 4 

Find the inductance per unit length of the parallel cylindrical conductors 
shown in Figure 3-11, where d = 25 feet and a = 0.803 inch. 

.3-11 JSLii ibbuJt flo^-L :J*Ji 

- = ^cosh" 1 — = (4 x 10- 7 )cosh-' 25(12) = 2.37 //H/m 
£ * 2a 2(0.803) 

A „ /kin ^ = 2 .37 /iH/m 
£ n a 

.0.5% JSI tk>~ ibUJ! fiJL^xJ a?a> 10 Ujup 

3.5 *J 3J(— o 

j—laS t-a^jj Ail 700 3-9 ^yiis*- ^-aLo ^ 4ii ^jij 

4-bUJI (a) ^ L4^„lj L Jl^-jI ,a = 1.5 cm ^Uj^lj 2cm ^jUJlj 1 cm 
^yiUJi c-aU.1.1 iaUll Sj^JLiJI 4bU*JI (b) 4*-L*a <d L? iU- uiU.> iv*UJl 

.(3-10 Ja-j-Jl ^LaII ui^j JUP pJaSU H Jj£j jl i^ijf ^yjlj 
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Solved Problem 3 5 



Assume that the air-core toroid shown in Figure 3-9 has 700 turn, an in-, 
ner radius of 1 cm, an outer radius of 2 cm, and height a = 1.5 cm. Find 
L using (a) the formula for square cross-section toroids; (b) the approxi- 
mate formula for a general toroid, which assumes a uniform H at mean 
radius (Figure 3-10). 

.3-9 JSLi ^oj ^Luu ^>-L-aJ (a) : 

^^ln^= (4 ^ 1O " 7)(70O)2(0Q15) ln2 = 1.02 mH 
In r, 2/r 

3-10 JSLi i-jycJI ikl*JI f Ijl^-L (b) 

L= jipN 2 S = (4^xlQ- 7 )(700) 2 (O.Ql)(0.015) ^ Q 99 mH 
2/rr 2w(0.015) m 
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Time-Varying Fields and 
Maxwell's Equations 

&u*4l 2lu^I <ualdJi ej2l(j tflaljli ajiti ^ 
a^OV! jLuj j&) u>»li ✓ 

l$J JL2j j-j«jJI Cj\j. HjE L-i^r ^^jJI olbl. .Jl 

.Maxwell's Equations Jj^-S"U oltalfL« 

^Lu^ll Aa3lJJl pjillj ^bljli ^li 

Faraday's Law and Induced EMF 

- 81 - 



.cjiLJi J^>- Liu; i-Jji (emf) (J.^.j) 

emf = jE*d\=~ — jh»dS (}) 

c dt s 

c-JLf lij j^l .[4- 1(a) J-SLi] 

Oj-^i (l) ibUJI ^.Vl (J^aJi O^fi 4-JLpj 

/ c jLr Ja*o jL-aJI ^Jb jLy iLsi o—^j 131 .[4-1(6) JSLi] jL-JI 
^ji-i g-ab ^^iW! jLdl lij* 4- 1(c) J-SLi ^ L^S* E oU*yl ^ I 
4 »si*>Aj j Cai ii* .B oiLj ^^-SIp 0' ^.-m ^..ijihLJL> 

^Lenz'sLaw yj dy\S 



















SL-it- iS^ ij^^^ ti/M <^*^ J^ 9 
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(a) (b) (c) 

jU uJJti &*JJ 4-1 J££ 



tfy ...ftll JL^y 4-2 JSLij i^Jl iJL^^JI 4j.yljJi iiJWI 4.1 Jli* 

0L_? lij ,y? = 5 Q 4_«jLwj 0.10 m ^-JaS * « «*\ 1$ I 4_iJbJI .z = 0 

.jU! jl^jjI B = 0.20 sin 10 3 /a 2 (T) 

Example 4.1 The circular loop conductor in Figure 4-2 lies in the z = 0 
plane. The loop has a radius of 0.10 m and a resistance R of 5 ft. Given 
B = 0.20 sin 10 3 f a z (T), determine the current. 




x 



2Uj£* lj) iZb* 4-2 J£i 

iiUU >JI J&JI ^aJJI OJi IjJ y jt jc JU^ ju^o. ^ J&l ^ajJI : J*Jt 
<J> = B«S = 2xl0 _3 /rsinl0 3 f (Wb) 

v = -— = -2*cosl0 3 / (V) 
dt 
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; = - = -0.4/rcosl0 3 f (A) 
R 



^p-ljVI jUjj jru«i j^jlS 
Ampere's Law and Displacement Current 

V«VxH = 0 (2) 

V.J, -| (3, 

i^LIJJ J*-b 4^»jJI (j^iJ ,_ji>».}JI Jji**Jt l5jL-> j-*- i>-jUJI 

VxH = J f +J D (4) 

(2) ^Iju^lij (4) aJjUJU yj^l ii-l .ia-tj)!! jLt *sbS' y> J fl 

>-4 (3)j 
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„ _ 8V.D _ 3D 
-V.J 0 =-— «* J D = - (5) 

OjJUJ iJiiJI 5j_y^JI l Js- J^-wj (4) ^ (5) ^ljLi«£-.L 
VxH = J c +^ (6) 

j_ ajJ I £i ^5* (J^**^ j£f*l jyUJ iJLol&Ji ej^aJl 

jl ^^Ip ^joXi J i^^ti ^i.l.V. , >i>Lj l^Ac- Jj-hA>JI 

c s 

J»J CoU ^J^4 £^ (^if- (6) J^^Oj .C jL-**JL JjJL>«* J^ 1 ** jJ** - ^ 

jVxH*dS = jH*di 

s c 

=>$H*<fl = Jj c *dS + — Jd»<« (7) 

^LiJI jl>JIj J~^J1 jLj ^* (7) <bU*J) j~ J>U Jj^l a>JI 
4-JLp J ./j-^j <5 c*jU' ^k— J^U- (£> ^Ij^l jLi' (7) ^UaJIj 
i c ^^—^ JJL*j> JJLli) jJa-JI ^ J D J yJi JjiISj 



f D = fj D «rfS = [—•(& = — [D^dS (8) 

r r 0/ dti 



S S S 



.4-3 JSLiu S^IjJI y i t - = */> ol js-4.2 Jfc* 
Example 4.2 Show that i c = i D in the circuit of Figure 4-3. 
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j*jt\ (4 JU1I Lfci ^Juj u&Z> 4-3 JS2, 

up Jjl—JI Ji-b 5^>- ot^i J^y "J Ai\ .5i j»kJI ^ «D = 0 

Sii J* .S 2 jJ^Jl J* J c = 0 

f J f .dS = 4-fD.dS= J^'rfS or ; f =r 0 

.yljjJ! JJUy fbi^L 4.2 Jtio 14.3 
Example 4.3 Repeat Example 4.2, this time using circuit analysis. 



. dv _ eA dv 

a7"Ta7 

_ _ e 3D e3v 
D = eE = — v, — - = — — 
J dt d dt 

[^jill ^^Ip ^j^p D jlj (8) ^Ij^s-lJ S^lj^ll jLs-j 



/r, = — *dS = — — </S = — — = t c 
D [ dt {ddt d Bt c 

A A 



Boundary Conditions Jjdall 

^^Jb oJ_i <v-ii^> >-T Jj^j 2-24 j 2-23 JSLij J-^^JI J^J pj" lil 

^^JajO* ^LiJI J-^aiJL; Jji-Pj J— ^ ijJbJl C^J ^\ i-iSLJI 

jj^^Jlj .JjUlj JjUJi 5 E iu-lfcAjl <i£ .1 

E tl =£, 2 and ^ = ^ (9) 
.JjL*JJ JjL_5JI ^L- ^ IpJ 4^*i 5 y »v.yo D J a-S'jaJI .2 

D n2 -O nl =p s and £ r2 £, l2 -e rl E nl =-£L (10) 



D n2 =D nl and e r2 E n2 = e rl E nl (J]) 

oU>^Jl JU- J^Lssr ^k- jup E, = 2a x -3a > . + 5a^V/m ol^ lil 4.4 Jtiu 
j 0| C^j^b D 2 Jb-^l 4-4 JS^, U< 5^1 

Example 4.4 Given that E , = 2a x - 3a y + 5a„ V/m at the charge-free in- 
terface of Figure 4-4, find D 2 and the angles 0, and 6 T 

t \2 



Ei 




J)^ 4-4 <j&& 



Ei =2a ( -3a v +5a, 

E 2 ^2a x -3a y + £ 2 ,a, 

Dj =e 0 tViEi =4e 0 a v -6e 0 a v + 10e 0 a. 

D 2 = e 0 e r2 E 2 = D 2x a x + D 2 v a v + 10e 0 a : 

^2,3, + A: v-a.v + 10f: 0 a, - 2e 0 £r f2 a, r - 3e 0 e r2 a v + £r 0 e r2 £ 2 ,a. 
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D~> x - 2e {) e r o - 10f 0 , v = -3£ 0 £ r2 = - 1 5e 0 , £,..=-^- = 2 



E, -a. -|E,|cos(90°-6> J )=>5 = V38sin<9, => 0, =54.2° 
E 2 »a, =|E 2 |cos(90°-d 2 )=*2 = VT7sin^ 2 =>#2 =29.0° 

.2 sjUIj 1 SiUJ! 




jtujU jru ^ gb* 4-5 j£i 

^B»JS= J B,»</S,+ j B»</S + j B 2 »^/S 2 =0 



cunedside end! 
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J B,»</S,+ J B 2 «<fS 2 =0 

end I end 2 

-B nl J dS x +B n2 J dS 2 =0 



end I end 2 



(12) 




.4-6 JSLi, j^l jiAJ! JJax-JI ^ 





1 


°2 ■ M, 2 



























tjrudU djJati Uit jli* jU« 4-6 

JjJbJl ^y^- ^yilavj JJa^Jl jlj JjUxJI ^^Ip jLi' Jb-^J ^ 4il 

^H*</l-»//„A^ -H a M 2 =H n AP-H r2 A£ 

My = A£ 2 = At 
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— fD»<fS-»0 

-uo OjJw* 4-j\i lJ a^a>^\ li^-j .(4-7 J-SLt) K(A/m) jL-J 

s 




JjJatf JU£ jUj 4j >u £>f 4-7 J£i 

Jaju Lo ^Ijic^lj O^J^ lA^ 3 *^ ' 

//, t M - H i2 M = KM or tf, , -H n = K 



(H.-H^xa^K 
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(13) 



«,.=».2 (14) 
iJL^v, 2 = 3 ^L--J 4^U— jc < 0 _j iJL>« 1 j^sJI 4.5 J^i* 

H, = 4.08, + 3.0a v - 6.0a, (A/m) 

.B 2 j H 2 JL^^I 

Example 4.5 Region 1 is defined for x < 0 and has relative permeability 
of /i rl = 3. Region 2 is defined for x > 0 and has relative permeability of 
/i r2 = 5 . Neither region is conducting. Given 

H , = 4.0a x + 3.0a v - 6.0a , (A / m) 

find H 2 and B 2 . 

z '<£ y jA [a\ i-i^A* x <£ jAj jc = 0 jup ijJbJI jl *J*Jl 

B = |iH ^Ijl^^Ij .jU^U^o U^i 

B, = 12.0/i 0 a, +9.0/^ -18.0/^ (T) 

H 2 = tf^a, + 3.0a v - 6.0a z (A / m) 
B 2 = 12.0/i 0 a, + Biyty - B 2z a z (T) 

// 2jt =-^- = 2.4, 5 2> .=/i r2 /i 0 // 2v = 15.0 
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Maxwell's Equations Jj£«£U uVjUw 

.4-2 JjJ^j Sj^^JI jj^JI i^ti* Jj^-flo o^Ua JJi «(J C =0) 





4JL.&JJ bj^JI 


dD 

VxH = J f + — 

dt 

_ _ 3B 
VxE= - — 

V • D = p 

V-B = 0 


^ H ■ <il = J (j c +^)-</S (jepjt jjili) 
<|>E-dl = J (-^)*^S fo^ ^bljliojili) 

^ B • dS = 0 ft aUl ^LLal j jp-j ^ J*) 



Zu\jJ\ oj^jf Jdi^SU uVjbu 4-1 JjO? 







dt 

dB 

VXE= - — 
d/ 

V-D = 0 
V-B = 0 


f»-/,(f)- 

<^ D • </S = 0 
^B*<*S = 0 



^ fc'j* Ji^U uVjU* 4-2 Jjd* 
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.^j^U ^ d^J>JI ^ gyj^o llib iij«jJl B %/ 
Solved Problems 4)^bbt JjL*4 

JU>aJI oJL-i cJLf e r = 1 j a = 5.0 S/m I4J s^U ^ 4.1 il 2}L*j> 
^IjV 1 J--^ 1 J^' ^ Jl^I .E = 250sin 10 10 fV/m ^^S3I 

.jIJlSaJI jLjLlj oJLLP fjjl\ JJ/Jlj 

Solved Problem 4.1 In a material for which cr = 5.0 S/m and e r = 1 , the 
electric field intensity is E = 250 sin 10 10 / V/m, Find the conduction cur- 
rent and displacement current densities and the frequency at which they 
will have equal magnitudes. 

J c =cx£=1250sinlO ,0 f A/m 2 

J D =~^ ^-(e 0 250sin 10 l0 f) = 22. 1 coslO I0 r A / m 2 
dt dt 

/\ a = ax Jjj y*} J c = J D ^ 

o) = — — ^ = 5.65x10" rad/s = 89.9 GHz 

8.854 xlO" 12 
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z-0 — —J L ^ j ■>- y> 0.65 m 2 Ubjijiio i^L-~a 4.2 5J jJbx* 

Solved Problem 4.2 An area of 0.65 m 2 in the z = 0 plane is enclosed by 
a filamentary conductor. Find the induced voltage given that 



B = 0.05 cos 10 



.4-8 js^ >l :J*Ji 




ii*>4 U UjM fe-Ui B ^£ 4-8 jSit 

v = -^J^0.05cosl0 3 r^^-^jj»W5aJ 
= -^[ (005cOS ^ 3f)(0 - 65) ] = 23.Q S inl0^ V 

.4-8 JSLii ^yUT oUii ^ 0j& 01 Jb ^ ^^k^^l jUI 
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B, = 1 .2a, + 0.8a v + 0.4a z ,4-9 J— SLii 1 >-^JI ^ 4.3 aJ 5JL^ 
^-UkAJIj JL>uJi 4>«^ ^ WjjJI J^-jij (z = 0 + -Up H ^\) H 2 Jbrjl 



Solved Problem 4.3 In region / of Figure 4-9, B , = 1 2a x + 0.8a v + 0.4a, 
T. Find H 2 (i.e., H at z = 0 + ) and the angles between the field vectors and 
tangent to the interface. 



© 



M,2 = l 



»,\ - is 



i^JtUiU Jlxtll jjdbtll iij^y ^ DUi 4-9 jSi 



-K).8a r +0.4a z 



B, =1.23, 

H, =— (8.0a x +5.33a v +2.67a,)10 -2 A/m 

H 2 =— (8.0a, +5.33a v \0 2 m 0 H 2: )\0~ 2 A/m 
B 2 = B 2x z x +fl 2v a v +0.4a, T 

B 2x =m 0 m, 2 H 2x =8.0xl0 _:! T 
B 2y =VoMr2H 2y = 5.33x1 0~ 2 T 

H iz ~ — — = — A/m 
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B, *a 

cos a, = — 1 L = 0.21 

1 IB, I 

= 76.5° JiJU .0, = 15.5° j a, = 74.5° ciJU JJ 

(jU! x = 0 ^jv -Jl ur _Lp K = 6.59 r A/m ( _^>J^ jLi'4.4 *J ilL^ 
Hi = 10a, A/m cJLf lil .a: > 0 ,2 lu-jJ! ^ x < 0 *1 -L^jJI 

.a - = 0* jllp H 2 J^rjl 

Solved Problem 4.4 A current sheet K = 6.5a, A/m at * = 0 separates re- 
gion 7, x < 0, where Hj = 10a y A/m and region 2, x > 0. Find at 

x = 0 + . 

(H,-H 2 )xa nl2 =K 
(10a v -// 2> ,a v )xa x =6.5a z 
(10-// 2> .)(-a,) = 6.5a : 



H 2y = \6.5 A/m 



,H 2 = 16.5a v A/m jil 



.E J^l .JU- ^ JU = H m e i(ax + l} \ jlf iil 4.5iJ>^iJL^ 
Solved Problem 4.5 Given H = H m e j[( " +pz) a x in free space, find E. 



3r 
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dt 

H = Ejn. e ii^ c/m 2 
CO 

E = JU& e /<«"*V. V/m 
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Electromagnetic Waves 

£J>ufl lajSttU jjOmM l/ 

tyU* JjUi ✓ 

i^^Ltoj^^SJi oU-ja3I jLiii*il ( Jj^«*S'U oltaU-J Jji>- JjL^j J-*aiM Ijl* 

^ tJ^- (ii3i J J iaUtf^U p = 0 i^-ill ialiS' jl ^^^j. lJ^J i^iJI 
.J = aE ,B = /xH *D = eE jl vi*->- ^IjiJI Sj^^oj iJa^- il^JI jl 

Wave Equations and Solutions in Rectangular 
Coordinates 

£y*a; (4-1 JjJL*-) Jj^-S'U O^ixd 
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VxH = (a + >£ue)E 
V x E = -jco^H 
V«E = 0 



(3) 



(2) 



(1) 



V*B = 0 



(4) 



(2) j {]) J oUJ^I Jl^L 



Vx(VxH) = (<x + y<ae)(VxE) 
Vx(VxE) = -7asi/(VxH) 




Vx(VxF) = V(V#F)-V 2 F 
y> i>.}?^\ oLulj^L F (Laplacian) jL-^L'sfl sU>*~ 

V 2 F = (V 2 F, )2l x + (W v )a v + ( V 2 F Z )a z 

n2r a 2 /^ a 2 /v a 2 /; 

F ' dx 2 dy 2 3z 2 
(4) J (3) piJLiw-lj (JLid^i" ^9 iLaU^l iitkJL ^^dL 



V 2 H = yo^cr + jcoe)H = y 2 H 
V 2 E = yoy/(a+y<oe)E = y 2 E 



y = a + j0 



- 100 - 



a -co 



1 + 



P = co 



lie 



1 + 1 — I +1 



(5) 



(6) 



d 2 F _ 1 8 2 F 

a* 2 " w 2 a, 2 



Jlji £ j / C*—^ F = g(z + ut) J F= f(z ~ ut) Sjj^s* ^^Jp Jj_U l^J 




/Ui - wi'i) 



+z jUjI J*>i jliiil 5-1 Jtt 

f = Ce -j»z*y i n a g = De +J»z'" 
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CO 



F = Ce 



and F = De 



F = C sin(flj r-/? z) 
c^oii* ^U*jJI ojLA J)U- ./= 7r/2o) j t = 0 Julp 5-2 JSLij 

. J = u{kI2(Q) = Ttllfi iiL-J +Z oU«il { ^As r y^\ 

43 1 ... O 1 1 ^^U- 

2n 



(7) 



Wave Length i>^JI J^L iiL*JI oIa ^Js- jilajj 




Ukfjj *r>* jllul 5-2 jSi 



/ 

. |^_y \^ v.v.'iLa c. -»»' ^1 oJ^J i^Liuo J^U- L^J 4^>>xJI o-jaJ1 o*5bU^ 
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a 2 H a 2 H a 2 H 2 „ 

— r + — r + — — = y H 
Ac 2 3v 2 9z 2 

4->4. » i *J J->-lj j^—plji ^Ijl*-) j^Ip .u •.«■>• ^yJI » ol>-_j<J JjLJI 

i^Li« 4»-jj ibU* Jj'Uj <»^io e JM jj»jJI jIaxp^I 

.y jLisJ'jJI c^U aWjj JjLJU U5" J^jLJ! jj&j .Ji>-tj -U* oli 

H(z,r> = # 0 

^ ^^SJI JU^JJ iLUJI J^UJIj 
E(z,/) = £ 0 ^^e^a £ 

jSJj «0*JUaJ1 jjU*Ji lii iJUJi eJLAj .jLijj'Jl 

H j! g-^a I!-* (2) Jjj— S'lo i-bU* pljLi^Lj JUi jllp .x oUol E 

Propagation in Various Media 

J_*Jt 0>JI iJ^I '4jjA\ :Ji*) 1^2? ^ jSJj Jw>y ^ 

E J i.-jJI ^^UJ 
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E = £ 0 «" r % 



V /am 



yam 

. 4jjV i a I 1 CjL>-ja-U Jxm^II <U-^L»- ^Jb £"/// 4 ■ , ; 11 

Ja-^U Intrinsic Impedance iuljdl ajuUaJI ^Jyu e^Ul // jE iL-JL 



. = ^=J-^H^(«) (8) 

H y y cr + yoje 

.E x /H y = -7] j^fl -z dIm'I ^ ^-S^Lj i*-^Jl cJl^ 12k i .tan 20= (tAde ^i~>- 
^ JUJJ 4^1 ol>UJl gu? y=a+jp 4^L^j <? yit ' jajJI JjiUd jl^t^ 

E(z,0 = £i 1 «' a= ^ ( "'" /fc) a JB 

H(z 1 f) = ^-«-° i tf i,(a, - /fe - fl, a v 
M 

,+z ol>^*l ^^1 Li? H jE j< J£J 4A-JiJl (,aw.^j. e" 0 * Jj>UaJ1 

^iiJJ a = 0 ,Jbo JjUJ 



(9) 
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« = 3 x 10 8 Lr L*>. IJla £ 0 = 10' 9 /36^F/m j ^ = 4kx 10* 7 H/m ^>JI ^ 

.77 = 120 tzQ j m/s 




/= 100 MHz jj^jj Efer)= l.O^V^a^V/m •JU, jl 5.1 

z > 0 ^ £>*^oj .cr - 5.8 x 10 7 S/m ^-U^JI J-**^ ^k* jllp 
.J-s<?^JI J*-Iju <L>ry^\ jLioji JULP ^j-^Aj^ii ^r^' *5.3 J^-Sj ,>* 

Example 5.1 Assume a field E(z,f) = l.O^V*^-^"^ V/m with fre- 
quency /= 100 MHz at the surface of a copper conductor, a = 5.8 x 10 7 
S/m, located at z > 0, as shown in Figure 5-3. Examine the attenuation as 
the wave propagates into the conductor. 
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a = 0 £ a 



E 



g«Uill ,>f J j-iiiJ 5-3 J£i 

IEI-l.0e-~-l.0e" 1 '* 



6 = 



1 



: = 6.61 /im 



j-j) e A =37 % ^1 u n 5;j. 6.61 //m h ai Jju JUuJI o^s JUi ^Js> 
0,67 % ^1 4.o .Jit I J^; z = 33^m ^1 z = 5 5 jup .^Ijlo^I 4*^*JI 

k$£*JJ j^JxII fajji 

Interface Conditions for Normal Incidence 




j^vilv^ i j-oiLiA J-ntfli ^ J 5 jZXj* J-*ai" UjLlP 

oU-jaJI .(z<0) 1 ttW**\\ ^2 = 0 JjliJI ^k- Jl J-^' 
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CD 



»1 . Ml . «i 




JL, US' l^bS" l j£ H HjE o^iUJI 

E i (z.f) = £ie-'' lJ ^a, 
E^O^'e^^a, 
E'(z,/) = £ie-^^a x 
H i (z,/) = //ie-''' z ^a > , 
H'(z,/) = ff 0 V z e>"«, 

t * • , * 

J>«^i c -nY .1 .5.^- tjlJui* u^sy ESeJUJi ,y i^JI cJ*Sll «W j£aj 

LJ kiu lJut Z = 0 JUP 
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±E/H y ^jLj- ol> ^JJ iJijJl iwU-JJ 4. -ill j^i dUi J I <*U>I 

£o_ n £o___ *o._ n 

<+>'*i\ l-' mill ^IvlVml t j^»Q. 0*^1*aJI pijU>uX*ul> 

r £2. = 7/2^7L r = K = Hiz32 (J0) 
T £= ^. = ^_, Tw =^ = ^l- (11) 

-(9) j (8) ibUJU 43^*i iolJJI 

Lf -ip 4j 3 ka>...Y ( 1 iiku) ^ -L*-J ^ H j E i 4>y 5.2 Jli* 
.JjUJI ^L*- -UP H j E J iJaSLJi oU-jJi 

Example 5.2 Traveling E and H waves in free space (region 1) are nor- 
mally incident upon a planar interface with a perfect dielectric (region 2, 
a 2 = 0) for which e v2 = 3.0. Compare the magnitudes of the incident, re- 
flected and transmitted E and H waves at the interface. 



.(ID j (io) ^ iiidi ^isirfi j-u* jjp ^ ^ :J*J 

i; l =J7o=120jrft 77 2 = = ^ = 217.7 Q 



^. = 5lZ3L = -0.268. HL = HlZlh = 0.268 

^0 *?2 + ^1 W 0 ^2 + ^1 

4 = -^- = 0.732, 4 = ^^ = 1268 
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<c.i«j ijJLi* J-*- 0* Lfi-^ pj* <V^aJI *i> Ji* Standing Waves 

j E^/E^-] liUJJ t, 2 = 0o\C~~ 
E( Z .0 = ^' B '(£^-^ -fje* 1 )., =-2jEi > sinf)ze J '"a A 

E(z,/) = 2Eisin#sin<y/ a, 

SjjjJl T=2k/co d~>- 778 ijj>j ol>uJ iiil^JI 5-5 Ji-i 

-LX 01—* f = 1(7/8) jllp f0l£* JS* y E = 0 0j& / = 0 Ujulp .sj^IjJI 
i^L^i a Ua> Ol-i / = 2(7/8) jl^lp <1 ,y>»^ji ^ E a^aJJ ilfrJl 
2 j^—^juJI 0i 2 ^ ..^U ^l-wIa.H j^^-U E a^.v.a.U 

^ ui^LjJ! iJLjb aaJ lOljl^^J ^jUJI ci^UI O^SLii. 6 ^^^Jb 

oj^L^uJl 4_p-^aJI t a olpllaS 01 J^*-^ .itiLJI 4a-J 

. L^uy £0 180° Ajjlj OjSo' 

Oblique Incidence and Snell\s Laws 

4 — 'I* Q jitflv'imJ ^itin^ ( j^> LiJ 1 ^ • 4>- l-» ^lib La Jllp 

.Jj^II Ja-^j)! ^ 4 <L>-^*5 ^L^* Ja_*-^)l y oiftli y> IjLfc 
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ipryj\ jLisil oL^iLj ^aj t^JJl ^jTm.JI Plane of Incidence Jj^lJI [Sy—* 




^j** ***** liiiyi uUr^i 5-5 J£i 




JiW bj2«JI 5-6 JSS 



- 110 - 



sin 0, 
sin0 ; 



(12) 
(13) 



,e r = 2.1 teflon o>UJI 5^U *\y* 30° hd...v o-j^ 5.3 

i^-U— Jl . U^JJCl) ^Ja^rjjl J 1. 1."-.; I JLLP L^jiixJI jj^J iliJI 4>jlj J I 

Example 5.3 A wave is incident at an angle of 30° from air to teflon, e r 
= 2. 1, Calculate the angle of transmission and repeat with an interchange 
of the regions. The permeability of both regions is /i Q . 

(13) jLX^J J-jl- jjiU fl-ki^U :J*Ji 



sinfr sin 30 



= P^=V2T or 0, =20.18° 
sin0, sin0, \ e rl 



sin Of _ sin 30° _ ) c r2 _ 



sin0, sin0, 



or 0, =46.43° 



J»j5 ,..11 4_>-yJI ijljJl eJLA JJLP .0,= 9O° jj&' UbJLLP J?^i- 



iLdl 



US' L5 Ja*j> Critical Angle i>- y^Jl iji^Jl 



0„ = sin 



(14) 
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Example 5.4 What is the critical angle for a wave propagating from teflon 
into free space? 

(14) plji^l* :Jj*)i 



6 = sin _I -pi- = 43.64° 

.4.X«:»II i>-yj\ LfbJULP ^JL*Ju ^L^ l J&*->, 

^j* ^ISUs^l pJbLJ Ujlp ^yJI Brewster Angle j^jji ajjIj 
0 fl = tan _l p2. (15) 

4.J ^l^U^l^l pW&jZ* ' '^ry^^y/^j^ 1*5.5 JfcU 

?£, = 5.0 

Example 5.5 What is the Brewster angle for a wave traveling from air 
into glass for which e r = 5.0? 

(15) :JjJi 

6 B = tan -1 V5X)= 65.91° 
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Solved Problems 2tf$Jbw JjL*4 

.H(z,0 jl^jI E= 10 3 sin(o*-/fe)a r V/m ^>JI £Jydl y 5.1 'AJ*** *JL*» 
Solved Problem 5.1 In free space, E = 10 3 sin(o>r - fiz)* y V/m. Obtain 

ExH jl .+z oU«i'l jl ax- Pz ' J*J* 

4JLpj -a, oUu'l y ji Jb ^ H j^i ,+z oU^i <y jl ju ^ 

E Y 10 3 

- = ^ 0 = 120^r or H x = sin(cot-pz) A/m 



-H x v x 120* 

H = sin(G)f-fe)a_ A/m 

120* H 1 

./= 100 MHz i^lj /i r = 1 <cr=5.8x 10 7 S/m J J-^o lu-^J 

Solved Problem 5.2 Calculate the intrinsic impedance 77, the propagation 
constant y and the wave velocity u for a conducting medium in which 
<r=5.8x 10 7 S/m,/i r = 1 and the frequency is/= 100 MHz. 



4 = J^Z45° = 3.69xl0- 3 Z45° ft 



y = Va^aZ45° = 2.14xl0 5 Z45° m" 1 

a = /3 = l.51xl0 5 , £ = - = 6.61 >im, u = arf = 4.15xl0 3 m/s 

(z < 0) j-jj— i ^ +Z ol^i'i ^ S^^uo iijl*-^ 4*-^*5.3iJ ^bu»iJL^ 
// r = 1 ,cr=6.17x 10 7 S/m <U ^JJI (z > 0) J— ^ ^ 
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JiUfcJI ^L*. Julp 1.0 V/m gj^l ^ E i*J>/= 1.5 MHz wydl jtf lilj 

E(0 t 0 = 1.0sin2^a v V/m 

.z>0 J H(z,/) JL^-jl 

Example 5.3 A wave is incident at an angle of 30° from air to teflon, e r 
= 2.1 . Calculate the angle of transmission and repeat with an interchange 
of the regions. The permeability of both regions is /i Q . 

E(0,f) = 1.0^2^3, V/m 

find H(z,t) for z > 0. 

t'iSjAtt iiuwalLj z >0 J :J*Jl 
EU,0 = l.or ai: eW-^ a y V/m 

J-^J1 J^b .E J ^J^JI ^jJI jLs?-l pi' 
o = /? = fifita = .5 x 10 6 )(4>r x 1 CT 7 )(61 .7 x 1 0 6 ) = 1 .9 1 x 1 0 4 
/7 = j^Z45 o = 4.38xl0^*' >r ' 4 « 

*E y J{-H x ) = 77 jl U, 
H(z, f) = -2.28 x 10 3 e" 0 ' ^(2* -*-*/4>^ A/m 

H(z,0 = -2.28 x 10 3 <T oz sin(2^/r -flz-x/4)* x A/m 

jJa— julp H j E J iLiJIj ^L&u^l UJ y-^l 5.4 iJ 
4J tfjJI 1 Ja— jJI ^ E 0 ' = 1.5 x 10' 3 olT 131 5-7 JSLiu J,UJI 
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l>y-~ J I o\ ^y>j-$\ >j->- £Jj-J ^—9 2 ia^jJI Ul 0\ - 0 i /J] =1 = 8 .5 



Solved Problem 5.4 Determine the amplitudes of the reflected and trans- 
mitted E and H at the interface shown in Figure 5-7 if = 1 .5 x 10" 3 in 
region I in which e rX = 8.5, p x = 1 and a, = 0. Region 2 is free space. As- 
sume normal incidence. 



Sylau b$L* 5-7 jSii 



129 Q r? 2 = 120* Q = 377 Q 



V2+ V 



-£i = 7.35xl0- 4 V/m 



£i = 2.24x 10" 3 V/m 



E* 0 



//i = — = 1.16 xlO -5 A/m 



/ft' 



= ^— - «i = -5.69 x 1<T 6 A/m 

1l + »|2 



HI = 5.91 xlO 6 A/m 
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Transmission Lines 



jaai feji*- ^juji ikj^i >*u«ji ✓ 

4J>U* JjU* ✓ 

^ jJU^jjb (3^^ lT* L«JUp iSlDi jUlil i—lji pJJ ^3^— J-^ai]i 

u.. -lhv> J-JLs^jjO 4_J^SUi J-aJI J?j-LpJ j^—jjlII JJL»«JI .JjLp Ja*-j 
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Jiill b£&> £jUjj >dU*ll 

Distributed Parameters and Transmission Line 
Models 

(Inductance 4_j'L>«aJI ^^-a ia^>JJ J j— tall <pjjaJI *6JjJjiAJl ^LjJI 

Conductance iL^I^JIj *J-^aU Resistance iojliuJI (Capacitance i*-JI 
^ i-^H J_SwJI l ^JLp J 4JJu* j^LaJI oJl* iulp .JjUJI Ja*«jJLJ 

.Geometrical Factor "GF* JSliJI J^Uaj 

[JjUU ioli^l = £,/] C = ne l{ (GF) F/m !4 m Jl 

[JjUil iJUfljdl =a d ] G = — a d S/m liUUWJl 

L, = ^-(GF L ) H/m JjUll i^U-JI] 

:(10 KHz j*- Ju»jc^J) DC ^*i~Jt jUJl 

:(10 KHz Jlj*- ja j£H J**=~J) AC jJuJl jLxJl I* jUL> 



^ = ^7 (GFrac) Q/m 



2 

5 = . = skin depth 



_ R RV l27vf H/m for />10kHz 
1 " ^ 0 /4ff H/m for /<10kHz 
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.aJU^I o\h : M\ f JuJ L { = L e + Li ~ L e :J&\ vt*Jl J*Ui 
:J> US' y> iij^l tf^l JaJI J»j>LU JSLiJI 

] 



GF C = = , GF L = ■ 

c \n(b/a) L GF ( 



c 



11 1 1 



GF RDC = — + ——, GF RAC =- + - for t»S 

a t(b + t) a b 

\(d U^.> 4iL**Ji id jh'iW t.a./ii) j^ujl ^j^Lti ji JJL Ja>- 

GF C = — , GF L = cosh -1 — -In- for J » a 
GF L 2a a 

2 2 

GF RDC ~ — • GF RAC = ~ 

a a 

GF C =— , GF L = — 
c nd L GF C 

GF RDC =^, GF RAC =— for 

*e^Lc-l ^ Una US' C <G <L </? <£~?~ '^"1 ia^JJ ^yJS\ 

Av(jc ( 0 = (^Ax)i(x,r) + (ZA t )^^ 

3/ 



aJjUwJI Ax —> 0 Ujulp 
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Er 

I — \AAW—\ 



St 



hi 



-WW — i 
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^ll =RM+L ^l (1) 

dx dt 
Ai(x, t) - (GAx) v(jc, /) + (CAjc) 

at 

Ajc-»0 JJ-\ Jju Jmj cS-^b 

^ = GvU/) + C ^) (2 ) 
3jc dt 

(2) j (1) iJiUJl j-i) .JiJl o^U* ^ (2) ^ (1) iibUJI 

4-utsJI O-jjJI 0^bu> ^ ip^Aj^o 

^^^C/UO + ^C^GJ^ + LC^^ (3) 
dx df dt 

^.JbMjJI Jl^jJI (3) 4_bUJI j^l Mx.t) /\ i(xj) Lol =M0 <^ 
^ (3) ibUJI ,(/? = G = 0) juull ^.jlp J* iiJ .icr^JI ibUJI Jju 
Jp .5 J-^i J ,3*— ^yJI Jju jinJI i^U-i -u— Lio 'L?r3* ibUn 

tr^b j^b J^J* ^U-j* jjLj' Jidl i^L^ jl Ll*. j> ttyu> 

^JIjj) h -wll ^^JL* ^J_fr iLai JLJLP jZjX j\ JSji ji jj£<H 

Sinusoidal Steady State Excitation 

iijJ 4J) ^j-**?? ^-.U; ilj^t SJuJ 6-1 JSLij J^-a)^ Jii Ja£- 4j.i*i' -UP 

Ijj^JI ^piij [jtt^" jt*> ^V.^ jW^b -H^^ C? - ^ ^ 
v(jr, r) = Re[ V(x)e j0 * ], /(jr.r) = Re[ I(x)e jQil ] 
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(^Ip- y*^So' Lo <£j* ^* ^j^ 1 ' 3 l{x) Ua 

^ .ih oljLji'JIj Jj^-^JI J \ : " L_j-Up a^fl.v— ^11 Aj JJlJI C*m J-ojJ 1 Ja>- 
^Ji) (^^f^Jj ^ «3^t f hv: < JaiJ (T J**- ^"^ J^ - * 

US' J*u L>JJ J>JI 




Z = R + jcoL, 



Y = G + jcoC 




U- o^U* (3) .(2) o^UJI ^j^LII JJL^I flJ^-L 
</V(*) 



dl(x) 
dx 



= ZI(x) 
= YV(x) 



dx 
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(4) 
(5) 
(6) 




N 
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L^Jj .(5 *.jx-JI i^^Ji <bUJ JSLsJI ,y iiUa* (6) ihUJI 

V(x) = V**" + V-e"" = V inc (x) + V nfl (x) 
kx) = J V + /-^ — / ibc (a:) + /„„(*) 

^ x Js- JL4Aw "31 :LS> j£y P" .V + o^UUJI 

^ US' jliyuj r s 

7 - ^ _ V" _ fz 

r =v~ " r ^ (0) 
* i> + /♦ v> (nf (0) 

Jaj>JI iijljcoj Sj-ufcjJI iijU*JI i3"Jjb T/f j^p J^ll jjo 

r - z * ~ z ° 

*^IL> 4.;...«.a aLaj julp ^ISou^ll Ju>Uu> ujijjju jlip 
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Z(j0=Zo 1±I(£) 

°i-r(jt) 

^Uii'j 4&\ ...flit j^C ^ X ^Jl>«X«u' <£jtf Ija) JU^I Jfi Jsjj-iJl 

z jS z W = z 0 1+r ™ 



i -no 



*z s + z g 



5 *s 

<l -.yjl i't» h.jSaJI JjJLillj JajJI I^I.St,.! ^yjl ik^jXaJI »jJlo)I 

P«=iRe(v;) = i|/R| 2 Re(Z«) 
= /^(x = 0)-P re/ ,(x = 0) 

.(l MHz jS\ ssj G« caC j R«wL Ujup ,yJI oba/dl Ju* 



1 ^ i ln 

u * , — and X = — * 



4LC fl fjLC 

j\J ^L&u^l J*L*a ^L-Ju j£i (/? = C = 0) JLiiJI ^.JLP JU* Ja>J 
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r(x) = i>-> 2 * = 



v( X ) = v+[i+r R z(-2px)) 



\v\ =\v+h+\r R \), \v\ . =|^ + |(i-ir s i) 

fix = 90° <5j-«-* **** Wa*^ ^ (y*^ **** o** ^LaM 



Smith Chart Analysis £jj*uh Akj^- J^d^j 

JjL-j J-j>- ^ JlpL— j' 4* ..Lh-wj aJsj^ KJ ^h (6-3 Ji-i) li.o,. il*^ 
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o] i.z i.t 
-I 1 1 »— I- 



O.I U.t 0.4 0.1 0l 1.2 I.t 1.0 JO 
1 1 1 1 1 1 1 1 1 1 1 ' " • 1— « ' 1 

o« n.t •» «.j - . * - 



^-ISU/iM J*U* -u-i ^-tJuJI <&\j)\ '*>-y^\ V- 

r j r ,^\\ vswr ^-uj 

i.o R>1 

*)kj> 6-3 JJ2 
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r(x)=r R z(-2px)-- 



r Q+jZQ-l 



Z(<t> R -2px) = r r +jV i (for o = 0) 



4^jliJI r p—i oL^ji .[6-4 (a) Ji-i] yijj ^ i^UJi T ^ oLj^uJI 
4-j.yb ^-IjJI ^ a-ijUJI £ p-Jti\ ot-~^ .[6-4 (6) JSLi] ylja C^.l 

6-1 JjJl>- .[6-4 (c) JSLi] 





r 


r 








1/0° 




0 


0 


1/180° 


j-^s _ syb 


±1 


0 


l/±90° 




0 


1 


0 





jj^L 6-3 J_ SLij ft.il , J iLolSJI XL.>J1 ^ J j^Ji j£aj 
SyhUi in o^-ii i\*UJI yljjJi .6-4 (c) JSLij 6-4(6) JSLi JjLkil 



J^L J I Aj^-JuO <sL*aJLi jUtfU- ^^jUJI Js-^aJI ^^ip jL>«jjJaJi .^jiA-Jl 



oUii ^ £JlJI oU«l (r, #) = (0 ,0) <y Ix* ^jUJI guJcJl 

J^>JI pL»«yl ^ ^^IjJI guJtsllj -(jc/A ^-Li ^y*. i*LJI l^Up 

^^Ui ii>) ipLJl CJjUp ^pS^P 
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^^Jlp cUlUJI jvjJuJI .^tjaJI Jjt Ul*oj Ji*j' iL^ J^- <UIS3I SjjjJl 

>'(j:)=KU)/? 0 =^(x) + y^(jc) 

J-jlp .JL^jxi. Sjjb iJU- ^ )' = 0+;0 4-LxSj ,180° + 0 r )- _1 

) VSWR Jil ju* LiJI JjLii- ^jjj^JI ^ jj& aJUJI oIwjJI 
Z* J^JI 4_aJI^J s^^jf j^U JU«v .J vi £w .(VSWR = 1 ^ ^^bJi 

o j-.y* * 4_iijUjO 4J Ja_i- J£j yjUcJi ^^ip 4JUaX« i»^Ja>- AajI^aJ jl < Ja.i».U 
L; i-*J JLJLP (JC = 0) Ja>JI JLLP jl jjlj-^ -^^jo 

.6-5 JSLiJL UT = J^JI ^ jSV^I 
VSWR = 1 



MATCH. 
NET. 




(a) 



VSWR = I 



MATCH. 
NET. 



Jr = 0 



VSWR > 1 



x = 0 



Matching Network 2Uj1jM jtiaj 6-5 J££ 
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(6-5 Ji-i) US' i ^p^AjKuJI <y i*-— Ji -Uj>iJ1 
z(0) = z^ = r 0 +jx 0 ;y(0) = g 0 +jb 0y VSWR>\ li^lj^JI JJ (a) 
2(0)=l + yO;y(0)=l + jO;V / 5W/? = l ri^l^JI Juo 
z(0) = r 0 +yjc 0 ;y(0) = g 0 + A;^W/?(0)>l :J^JI Ju* (b) 
z(x x ) = r, + yjc, ; tfjr, ) = g, + ^, ; VSWR = KSVW(O) UxJ I^J I JJi 
zU 1 ) = l + ;0;>(jc l ) = l + yO;V5V^/?=l jl~ 

ilpLlo 4„hi^u\\ (joi^l) ob^^iJ aajI^aJI yl>> ^ o^** 

lit .L-C j-Slji j-j 4-^^° 4-**^** Sj-jb 6-6 J£-i < JuiiJI iLlS 

JaiJI 4aJ|^J pj ,Z^ = /?+/0 oj& iiJU^» ojLiJj j£Jj aIpUJI 




L, = — ijRiRv -R) and C 2 = 



£0 




- 131 - 



6-7 J-£w ^j-^wJi cy — JUL^Jt J-^-iJl pi IV; .-1 ^jSUj JUS 




x = jr. x = 0 



3b,lji 3Uj!>4 6-7 J£i 



,jy(jc,) = 1 + }b\ J^rjl (1) 

.y«v) = 0-^, ^,< v J^l (2) 

A Jt] ^ VSWR= 1 j y(*i) = 1+ j'O <^\yJ\ JLaj 

pl.l^t^L U^Ip Jj-o»JI j&u AOjiJl iftJl^JLJ o^Ul jb'jkvJI 6.1 

Example 6-1 The above two steps for single-stub matching may be ac- 
complished using a Smith chart. 

.6-8 J£i >l :J*Ji 
.[VSWR (0) jl] ir^l o^b fi 4L.>JI JLp 3> ^ .i 
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.g - 1 o^b £A \T R \ 5^b jkUi* 4L& iJj>- .ii 

iJ^^j* t y = °° j^'aW in 5^b >i = 0 -jb\ iiuJI jJl>- .iv 

J j-U 4_I^Jj ^ 43 L..A.1 1 J*«** .y = -jb\ iLiJl ^aJI »U*i"l ^ 

. Jb.JL>J\ <1pLuJU 



I +7 




iJUli obj^xJI jup {jjf** JjI£3 Slotted Line J^iiAJl -L^JI 

£1*^1 jjs .JL^AJ iA-i Jit ^iij* JuJ^j VSWR ^-LiJ 
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4_IU ^ jl^ Jiij J*^JI x^j i)U y jl^- Jit ^ ^L-Jlj VSWR 

i^>- ojj-^xi* oyb 

ijJ Z R J-^^ij v-*— Lu jLSU y jyiJI Ja»JI 6-9 JSLi y 

^--flj J-il j-Slj*? 4— <*j^aJ J»JI Probe ^J^i J ^ l^JlSU 
.VSWR J bvly ^j^JI Jo** 5 oLrf jU^J ^« J-*ja •■Hr 

iJUJI el* y ^Ll-J Jt^;- Jjil 43yu» 2/; J^o *^Jb j*<a& S/b Ja-P Jlaj 

.A/4 OjSj* J^JU 



Max I 



Min2 
I 



Mm t 
_J 



>J2 



Min2 



Min 1 



.Z* ^LSJ Slotted Line J^Ul kail >l JaLnf 6-9 j££ 



tfUl VSWR S^'b p—jl 



.(jt = 0 Jv- ^ 1 J J 0 jj) Jl^t J*l ila^i ^ 6-10 JSLi <u-Li 
(6-9 J-SLi jjiil) A^^JIJ^t fl'slo, J \ -L.UJI Ajc 4*^31 J^f* 
.(j^r J-iD ^ J*- <y Ax juj- ^ VSWR iyb JL* 4loJI ^ 
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•Xfl— >- Jj>1 4_JaA> J AJC LftjIjLiw iiL-rf ^.oft J I 

ij jlj o-^aJI J £j Ax 0j&" i^j'k aajIa^ 

.(V„„„ jl^ Jii itu; jj ^-t- J^-, 



Transients in Lossless Lines 



pjjp Ja^J is^UJi SJLJ1 ^ IJla .o^UJI oJ^J Laplace Transforms 
JLa jj£y <u p = \j4lC ip^Jlj Ro^jLtC (R = G = 0) Jiiiil 
.ojj&uJl 4... oU-jaJI t^^ly l^Litt 



JJl_3*j «oUiy JL-jJ uLlk&j JaiJi ^ii-j o*JU- 



VSWR /• — J 



min 


/ 











U*** 2ijU« jlMt 6-io J£i 
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(/) 4_j lic6\ ifi y 4-JLp J-^^j. JLiiJi |*j.-U- pUaJ £^9*^ <>^. 6-1 1 



t=0 



(Sending End) JUj^l 

—WW 1 - 



(Receiving End) Jl.av.^l ip- 



+ 
MO 



^ =0- 




USUI J2j 6-11 jSi 

A D = ^ ©jJlJ Delay Time j^j jjj^ JL*j ^^-Vl i.L^jJl ^^Ip y^- 

j U J^r ^0 ' = 0 -u* 10 v ej ,J ^» v g (0 ^ ^ 6.2 Jli* 

^LiJl J^JI -brjl (R Jt =R R = R 0 ) { j~4>^\ J~J1 jlTj 

Example 6-2 For the case where v,(r) is a 10-V step at t = 0 (i.e., a dc 
voltage) and where the line is matched at both ends (R R = R g = /? 0 ), eval- 
uate the transient voltage on the line. 

^jJI ,6-12 JSLij 4;,, a yUJI Jifr^Jl -J^' 
J Lav 4^>- JLlp ^ISUjl Jb-jj *Jj OjU' 1 JLp- jl .^L-** 
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.Ja>Jl ^UJl J^JI J*r/\ .(R R = «) S^jxi* oy'b jv^I Jx^Ji 

Example 6-3 Assume that everything is as in Example 6-2 with the ex- 
ception of the load, which is now an open circuit (R R = «). Evaluate the 
transient voltage on the line. 

J-L^co .Sil—Jlj j^jll ^ ii^UJI kJiW uJ J*~ 6-13 J-SLi iJ^Jl 

.2^ ojJlS ytj Jju 10 V ojljlio JL^>J I j-o 5yLU~« XJl>- ^^Ip J-*aj>o 
' ! ! 

♦SiUaJI jLixil 4*<>-jX j£JI J»^L>- V 
«>-*jJA Cr* i> Jb* *=fbW^b ^^' OjSj Jidl JJ»j ^ ✓ 

.^LpflJt ^ ^^SUiVI J*W Liy 4iilj!l oU^Jl ✓ 

J-dfcJ! Aj^^i ^ <y UpU-*JL1 ^*lji>«xj jSCii ✓ 

^ ^^or jj^* •J J JWI 44*. ^ ^1 
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(r) □ t-d plot 



M\y feat jAtiS JdiUDI 6-12 jSit 
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(c)at-d plot 



(R R = oo) Uai* >jUJI JiWJf 6-13 Jtt 
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Solved Problems 



J— * viULJIj J-ujl^o V >^£L* J* jj&J Jib Jai- 6.1 ^J^btjft iJL^B 

j-a oUJI (a 2 = 5.8 x 10 7 S/m ,0.162 inch = >iJl) #6 AWG ^UJI 
i^^^JU-ljJI .^.--Jl J*U* JaaI .U^jlj JjUJI y> 12 inch v j-£JLJi 

jl^JLJ . M *U jL-^JI i^jliuj G *C ( L p ( JS3 ^_...M^t 

.1 MHz JLiP ^JoJI 

Solved Problem 6.1 A parallel-wire transmission line is constructed of 
#6 AWG copper wire (dia. = 0.162 in., a c = 5.8x1 0 7 S/m) with a 1 2-inch 
separation in air. Neglecting internal inductance, find the per-meter val- 
ues of L, C, G, the dc resistance and the ac resistance at 1 MHz. 

d~P- .4 = 0.305 m jSLJ\ ^ ^L-Jlj a = 2.06x \0* m J^jJl 

GF L = lnf-1 = 5.0 GF C = — = 0.20 

\a) GF L 

gf rdc = "T = 4 72 x 1q5 m " 2 gf rac = - = 97 1 m _I 
a a 

= — (GF L ) = 2.0 pH/m R dc = — (GF RDC ) = 2.59 x 10" 3 Q/m 
* a c n 

C = /r£ rf (GF c ) = 5.56 pF/m J = , 1 = 66 ym 

C = 0S/m R ac =— !— (GF RAC ) = 4.04x1 0" 2 Wm 
2nc c S 
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6.1 aJL-aj £_^JI jSL^ j_j> jjXJi J_iJI ia_iJ 6.2 *J(-~* 
jj-U Attenuation jL-i^i OjU'j 4— j'lJJI aSjLuJI 

./= 5 KHz jlf li! o-^Jt J>j jListfl ip^j (Phase Shift 

Solved Problem 6.2 For the parallel-wire line of problem 6.1, find 
the characteristic impedance, propagation constant (attenuation and 
phase shift), velocity of propagation and wavelength for /= 5 kHz. 

.yt.v— Jl jLJI iojUo j»l \.±l;.J 5 KHz jllp *J*J' 

Z=R + ya?L = 2.59xl0" 3 +7(2^)(50O0)(2xlO~ 6 ) 
= 6.29xl0" 2 Z87.6° Q/m 

K = G + y<uC = ;(2^)(5000)(5.56xlO" ,2 )=1.747xlO" 7 Z90° S/m 

Z 0 =^|=600Z-].2° U 
r = 4ZY = 1.048x10^ Z88.8° = (2. 1 9 x 1 0" 6 ) + j(\ .048 x 1 0" 4 ) m 

a = 2.19xl0" 6 Np/m,/? = 1.048 x 10^ rad/m, 
u p = mlp = 2.998 x 10 8 m/s 
and X = 2*7/? = 59.96 km. 

jji A = 80 cm J i^' xjlp pO^«x~j 70 Q Jii Ja^- 6.3 *J ji^ 8 iJLw» 

jUj'jI t *, ; 4.„ iL^ ^JL>*^I .(140 +7*91) Q 4^aJ» j = 0 Jaj>- 

j-jri isL-^JIj jl^t ^^bM ^ Jjtj Ja>JI isL^JIj VSWR j r* 

V mln JL^P 4J>jl*JI^ V nax JULP iJSjUJIj J^-p- Jj'^ £*y Jjlj J^>JI 
IoJlLP h J^jJI 'i> fc aL^j *54 cm ^ Ja>JI y> * jayi J^-jJI 
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Solved Problem 6.3 A 70-Q transmission line is used at a frequency 
where A = 80 cm with a load at jc = 0 of ( 1 40+;9 1 ) £1 Use the Smith Chart 
to find , VSWR, distance to the first voltage maximum from the load, 
distance to the first voltage minimum from the load, the impedance at 
V max , the impedance at V min , the input impedance for a section of the 
line that is 54 cm long, and the input admittance of that line with the load 
attached. 

Ja*JJ 4..„;U o^U-Jl ih.jp- ^s- ^sj 'J^J' 

z R = Z K tR Q =2+j\3 

4-L^>JI k A ,fi;:o j^t ijjai* vJL&}\ ia>JI .6-14 JiLij J*^j0 jJfc UfT 

* 

.iL>JI Ji-I ^Jdl J& ,y VSWR j 
I T R 1= 0.50 =* r R = 0.5Z29 0 and VSW7? = 3.0 

^JU VSWR ^Lm.-J f JL^-J jjpliJJ *LiJI ei» .3 + 7O JuP 

.VSWR J i^U Ji*; s^IjJI jV iL>Ji J--L-I ^.j-uil ^Ijl^I 
J* - L '^^ J**^ VSWR o^-j oyb ^Ui" <kii a.t>- 

jj-So* ^^Jpj 3 + jO <-LiJI oljb xjs- J1 iijUJl 

0.04 A iiUJI dUi JLp 0.25 A jop ^^tuJi 4*^)1 J^j 0.21 A Jl^ 

.Ja^JI 3.2 cm ^aJI oL>j'i ^ 
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6.3 <UU*U k« 4kj> 6-14 JS£ 

UjUaJI . ^ iLU iJi^j g-^JI oL^jl J 0.25 /I iT^y ^ mLu ^ 
4_*Ji Jjl Lr j^ J^jJt iiLwJI ,Z im>1 = 23. 1 + yO Q j 0.33 + y'O 

0.25/1 + 0.04A = 0.29A =23.2 cm 

sUi-l <y Ja*JI f£ = 0.675,1 ,54 cm J^LJ J^jJI iijU* aU,} 
0.5 X ^ o^IjJ! J^- <L\^ ojj^ jl Ji^^l ,4,, ..ill tfjUJI ^lylj ^Jl 
oift ^jUJ! £jJu)l JU- JaJI 0.175 A juclj ^1 iLidl *jl>- <2l)jJ 
jl 4 .ha;U »Jla J^U- ^ .0.21 A + 0.175 A = 0.385 k jup j^J iUaiJI 

4... ...ill kjSjUJl VSWR Dj-SljJI £_« ^LiJI AJaii iJb-j ui*xi iai- 

4JjUaJI j^ii'j .z,„ = 0.56 -7 0.71 o ^So" 
Z. rt = 39.2 -y 49.7 n 
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*-L>Jl Lr JL* j Wi\\ j-o l-jUJI ^JLp- jl^j 4.M..-JI Ji-jJi ^»L^> 
)>,-„ = 0.68 + j z fJI = 0.56 - j 0.71 ^y> jJp u^ 1 ** 

^=7^ = (9.71+yl2.4) mS 
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Antennas 



Cut ^ 

jjm J^J ^Jlp-ij aghill ^Lu ✓ 

2ljbM JjU* ✓ 

.CjLjI^JL! £^Uj ^ £^ o^H o^r.viftll CjU-^aJI 

.^LJi JU- -L-^JI jl ^aj J-^iJI II* J)U- .jLiii'JI 

Magnetic Vector Potential and Radiated Fields 
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E = -W 
B = VxA 

H illjj ibUJI 
H = -VxA = -VxA (1) 

(4 J-nJ) ^bljLi j^iLi j»IJu^-L .7]= 1207rft j « = 3x 10 8 m/s C--^ 

E = — VxH = — VxVxA = — VxVxA (2) 
jwe jape jfi 



A= J A u dV (3) 



vol 



j*&>3 Observation Point iia^^Ul aWq\ isL-JI ^ R (3) aJ^UaJI J 
^ I A J-j-^j' -^jlp ^w>b Qf-^J. e J^LaaJI (^f^J .J.v^v j^" 

~ J AnR 

vol 
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Hertzian Dipole Antenna 

^* (3) ^i-lio-L; (7-1 J£-i) ywaJl (^j*^ 9 J^y 



A(/>) = ^- (/<W)a 4 

Anr 




luUiJI ,yUj jU3dU^A ^jIjA 7-1 J£i 



(1) o^UaJI ^Ij^c^Lj a 2 = cos0a r - sin0a 0 ij^fli oUlJb-)(i f 1 

^^Ij Lr -JpLi A JI JUJl o^s (2) j 



An 



1 

W' 2 



(4) 



An 



1 . 1 



(5) 



E q = tj — p 2 smO e~ Jfir 



An 



. I 1 



(6) 
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1/r 3 j 1/r 2 ^-jSi J**/ 4J3 (r» 1) jl*J1 JUJI ^J* flu* 111 <Jj- 
.(i/r 3 ^ 1/r j 1/r jji r» 1 J 4jt ^ U>) .1/r J 



y> Far Fields JL-JI JUJI (6) j (5) j (4) ft 

H,=j ^-sinS (7) 

E^nj^-sinee-^^rjH, (8) 
4;rr 

Jj-So. a Ut\ ^1 Julpj 'e^iii* ijj^ 4^jjo O^^Uj (8) j (7) jl ^-^IjJl 

Lr ^* - ))l Ja_*«^JI 1$ .Ifr J j) -^r»»U ^l^l ix-i-JI ojJuiJi 

£i*Jl JU*aU ojJl5]I Sibf jjb ^jj^ .Poynting Vector g^i^, 4j*^aJ 
t-iyo ^ii^i 4»ua3 ^^jJI J»«»^aJ1 .W/m 2 o!jl>-j 

.<5? v ,=^Re(ExH*) (9) 

jjljjJI JJLu ^ SjJLiJI II* .H J^l jilyuJl H* ^->- 

i^iJI Ua-jiJI ijJ^JI iUu.V . P mg = j Re(V/") ik.^JI SjJiiJI ji ti*>- 
I^'I^H, J^i- ^ ^I^JI ^ 

2kr inn 

P r «j = \ • = J |^ vg • (r 2 sin eded<p* r ) 

0 0 0 0 

= j l[±Re(E 0 H* 0 )\r 2 sinOdOd<l> 
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Antenna Parameters 

4-^1 ^1 l^-Jl L5 _ 1p o yu' Radiation Resistance £U-i)l! iojU* 
jLJl ^^ij ^ 1m LoJLLP ^l^il 4*JuJI ojJLiU ijl— » 5j-li ^ll^v.-r io^UuJ 




^ ; .>..;ll jJcJI ^^v. ^'j* ^(ft 0) Radiation Pattern 
.iuU' r jjSo* j! ^jAi .oUci^l jj» (sjlju iiL^ jllp) H jI E jl*JI JU.aU 
F(0) = sin0 ^1 j^asi^r ^(0, 0) JuJjII ^iUi' jlij-u^l ^I^JJ i~Jlj 

.0 ju*u ^ IHI JEI 

^1^)1 *b*sl ^p-T ^Li* ^yk 0) Radiation Intensity £_U«i)ll SJui 

oJLj»-j J_fl bjJLiJJ ^^-J^ojJt Ji .«jaJI Ig-jj Ly ip lJ yhj 

ib^^U y**^ La .(^"2 JS^-i jtit) ijjtjJJ 4,..;IIj oj-liJI ilb ^y* (^1 ,<u...>« 
oJL»-j L^-JUi JaJLiJI i.. >j .Q L-Lajl j— » 4a-j>»aJI ijljAJ j^^II 01 

2/r* 2k k 

Pr*i = J • <«^„ = J J<S»„ • r 2 a r )sin 0 <tt <ty 

0 0 0 0 

2** 2** 

= j jU(0 y </>)sined8d<f>= j ju(0 t </>)dCl 

0 0 0 0 

s?~»JI ijljjl oJ^JJ oJLi ^Js> 

=>U(O t <p) = {& avg T\) (W/sr) 
=><iQ = sin0</0<ty (sr) 
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U(O f $ £bA)fl Sai JujiJ 7-2 JS1 



(io) (7) pij^iw-Uj iJaiJi ^L; jl^l ^1^) .^Jfcdl 

"W-j(^)%in 2 * (W/sr) (11) 

jt^^l ^I^J U(0) ^U^yioJLij F(0) £U-i}l Ki^ 7 - 11 

.7-3 JSLii ^ lJ*2ll ,yUi 

Oh p i = j ft/pi = 45° JL-iP Half-Power oji all ^yckii 7-3 JS-i <y 
.&h p = Oh P 2'Oh p{ =90° JjSj SjJLiJI .^w* i*j>- ^Uilj 135° 
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(6) U(0) 

U fcUiyi oJ*j F £UA)M fcij*! 7-3 j£i 



^L*-:yi aJUT 4;...; 4-j| ^^-UtJjJj to ^ 1^1 D(ft0) ^Uu'tfl ill 

^UJI t$ ^ 4 iUS3l SjAiJI ol ioUI^I 

p 

u o - A 

j\^U ^Ui-il y~S3l dUJJ 
Wt#) = i^ = ±E^ (12) 
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D- AnUma * (13) 

Prad 

(13) j (12) ^ (1 1) j (10) f |jfe_-Lj iJdl ^Li- JLje'j^l ^ W 

s 2 



(4;r)— sin 6 

D(8 t 0) = *\ * J = , 5sin -' 0 

(fF 



.D= 1.5 i^Ui^i tij&j 

SjJiii) ^jjl .L-^JI ^ />■„ ^ <e rmi = P r JP in J\#U gUi^l o,UT 
j-> 4_;L uij-AJ. G (0,0) iijJUaJI <r . J-o ^yl^JI l$Liy.-> ^Jl 

:^U-i)ll of US' <y L^o* ^U-'il 

"in "rati + "i. 

i-JbUmi'*}!! f->,l* JutfM ^j.JLp .^I^AJ ^j*/*^ oj-^ JLiiJi P L 

o-> Decibels 

^ fl = lOlog IO G(^0) 

JJbM J^j 2Luk2)l ^Al^lj <jjnhSM ^jUj 
Finite-Length Dipole and Monopole 

JL_>Jt J^-ii* jlijjJ^A A-iiiil ^yl^A inJuJI 5jJiU (10) ^UJI 
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jljLJi dlijuj 7-4 (fc) JSLsJL Uf Ja>JI £*Lu Ujup iJU o^-US' 
/|(z / ) = / m sin^y-z'j ? 0<z'<L/2 

/ 2 (zO = / M sin^y + z'j, -L/2<z'<0 

L/2 



h — */2 — ■ 

(a) 



(ft) 



.lulttlt ^Uj ^jI^A (6) .^jlli J2j la* (a) 7-4 JS£ 
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c-^xi* (3) j (2) j (I) j-p >- j-^v. oJlou iiL** ^ JUuJI 

. r »A j /- »L J» 

cos[ /? — cos 0 ] - cos| p—\ 

F(0) = — ^— ? ^ 

sin0 

^L>- .8 |v3^L_» 4 t .J;, ^U^l ^i^J UjSo 1.2 A L J 

L « A 0>£r Lajup tfj-j-^l i^LJl ^ .1.2 A L c-j>at UJf 

<d (7-5 JSLi* U^) j-ijAjJl 1.2 A j£\ L g^ai' Ujllp .7-3 (a) 

.Multi-Lobed ^-^a* 

l«^J> jjSj ji = 1,2, 3,... (2rt- l)A/2 

30 Cin[(4/i - 2)/r](Q) 

5 > 

.D=1.64j /? ru</ = 30 (2.438) = 7312 4IUII dJla ^ 
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[7-6 (a) JSLi] J+ey ijj^* ^J* &y>* ^2 djj* J-*»jJ 
jjjScd ^Jl>tv,..v jl ^jSUj Image Theory Sj^sJI ^lai .£JLhM ^U-l ^Ij* 
.[7-6(W JSLi >l] ^i^l^^^U^j^^JULJI 




[a) o L - X/2 (f?) □ Z. = \ 



(r)oL = 3X/2 



lukSIf ^jUj ^1*1 fcUS^ S^f* 7-5 JSS 



L/2 



(a) 



Hz) 



$ ( 
♦ I 



.£&UU ILyfaill ^Uj ^ (ft) UUttl ^jft (a) 7-6 Jii 
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i-^LiJI ^U-I ^1^4— J ^-iUl H j E JUkJI j^i sjlpUJI i jju jllp 

.^^j^I (J^x-aJI jtL* ^ 4.,..k5\l ^ttf £« iSJ^i 

,jy (j-U-t Ja— ^ ia-Al ojJLJ £-£j> 4 ...jLflli ^U-l jl C*-^- 

4 ..hall 4*JI;aJ1 SjJLiJI ^ lu-iJI i-KJI ojAi)! j^S 

• 36.5 ol* '(ir^JI J> ^ J> ZV2 = /V4 









^U^J JUJI ✓ 


Solved Problems 




4_^?l ^il j-^aj. jW^I ^ 


^UJ ^1^* 7.1 SJ SJt~» 

-jt (a) .UX« 1/30 J> 4Jj 



.A 4^>xJI Lr ^lJuJI j^JI oLS'y jor/\ (b) .JSLiJl cJU^ 

Solved Problem 7.1 A center- fed dipole with a 2-directed current has 
electrical length UX « 1/30. (a) Show that the current distribution may 
be assumed to be triangular in form, (b) Find the components of the vec- 
tor magnetic potential A. 
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/(z') = / ffl sin/>|^-lz'l 



* T (f'")^-S(f>~- 



4;rLr 



A r = A z cos0 = ^-f - cos^ 

A, = -A z sin* = -^4 - V >/Jr sin^ 
A # =0 

J^wuj L = 2m JjJ* 4J jL^'^Jb 4...hi1l jltf ^M^a 7.2 jJb^a iJL^ 
aJ ^UJI J-^JI Otf lij <*\j^y\ S*U£JI Jb-jl .1 MHz X* 
.a = 1 mm jr L^aj I t.a.^ j/ r = I j a c = 5.7 x 10 7 s/m 

Solved Problem 7.2 A Hertzian dipole of length L = 2 m operates at 1 
MHz. Find the radiation efficiency if the copper conductor has <x = 
5.7xl0 7 S/m,// r = 1 and radius a = 1 mm. 
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e __ Prod _ Prad _ ^roJ 
Prad + ^ bs* ^rad + 

jJaiJI cji—^ai .4**?^' iajliuJi <y» J £U-i)M iujU* ^ /?„„/ ^iU-^ 

x 1 1 

d = , = — mm 

Lj Ja*j n5 I^a— ^LsljU ,A 'ij^Jij *yry> j^d* i/^r^ <j&h L ^ fir 
(^-oLJI J.^dll* j-jjljs* j^iX- i)L>J <^Lij) JL& iojUu 

— = 0.084 a. 

a c (2na)d 

Kad = ( 790 {j) 2 = (790) (7") 2 = 0035 " 

e rad = = 29.4% 

rad 0.119 

100 MHz jllp 100 W .pi p^UI jUI Jb-jl (a) 7.3 aJjI^aIL^ 

julp H j E 4'.^..ii Ju>-ji (6) .0.01 m a Kt ha) \ ^LjJ' oUj-j'^ ^ ijjt ^ 

.(100 m, 90°, 0°) 

Solved Problem 7.3 (a) Find the current required to radiate a power of 
100 W at 100 MHz from a 0.01-m Hertzian dipole. (b) Find the magni- 
tudes of E and H at (100m, 90°, 0° ). 

.i^jJI J^L (a) :Jj*J1 
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a 3xl0 8 

A = 5— = 3m 

10 8 



«r flrf = ( 790 (x) 2 = 878 X ,0 " 3 " = ^ 



/ = ./-™^-151A 

|8.78xlO" 3 

(b) I E 1= ^^sin 90° = 0.95 V / m 
4nr 

IHI=^^sin90° = 2.52xl0" 3 A/m 
4^r 
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(A) 



Absolute potential 
Ampere 
Ampere's law 
Antennas 



-^1 j^Jtf 



(B) 



Biot-Savart law jtt^-jjLjyU 

Boundary conditions ij-L?JI 
Boundary reflection coefficient 

Brewster angle 

(C) 

Capacitance ***JI 
Characteristic impedance 

Conduction current density 

Conductors o 

Conservative field JasU^a JU** 

Continuity equation ajjI ^,^0-^1 aJ^U* 

Coordinate systems oLjI-Ip-'JII ^uJail 

Coulomb forces fjJ lSj* 

Coulomb's law ^ 

Curl of a vector ijUJI 
Current and conductors 



Current density jUJI iiUT 

Cylindrical coordinates 

(D) 

Dielectric JjU 

Dielectric constant JjUJI Col? 

Differential volume ^^JL^LojT 

Differential surface LJ JU?Ui' ^Ja-- 
Differential elements 

^ - 1 \ 4 ' 4 - ll^- j -/* 1 * g- 

Dipole and monopole 

<..jiiaU (^iU-Ij 4 ; .litfU ^sLtf 
Directive gain ^yfcU^I ^...Xll 

Displacement current o-ljl jLi' 

Distributed parameters ipj^Jl ^LuJI 
Divergence theorem ^1 jiJlfl Xj^Li 
(E) 

Electric current J^ 1 
Electric field intensity 

^^31 JUJI oJLi 
Electric flux <^-^' J»J^1 

Electromagnetic waves 

***** Jg U^aj 1 oL»-jaJI 
Energy 43 LU 

Equations: 

continuity ^jl^y,..^! 
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Maxwell's Jj^-S'U 

scalar wave <V jaJD 

vector wave j^13 ami 

wave <V >*J I 
(F) 

Faraday's law tfbljli jjiUi 
Finite- length dipole and monopole 

Flux linkage ^ijult 
Frequency 33 y 

(G) 

Gauss 1 law 0 
Geometrical factor 

(H) 

Half-power beam points 

^Lw-'lU SjJLill t^jL^oi J»lij 
Henries per meter ^ JS3 ^ y> 

Hertzian dipole antenna 

(I) 

Image theory 0 
Induced EMF 

*S«7..,J1 (J.xj) v^JI i*iUM syJI 
Inductance C^ll jl 31m 

Interface conditions for normal incidence 

i£^*aJI i»y_JJ JjLiJ! ^lu- -Uj^-i 
Intrinsic impedance of medium 

Isotropic medium ^l^JI Ja-*j 



Isotropic radiator oUU^I j*-^* 
(L) 

Lenz's law 
Line elements 

(M) 

Magnetic field intensity 
Magnetic flux density 
Magnetic vector potential 

Maxwell's equations Jj^-S'U o^aUa 

(N) 

Nonmagnetic materials 

Normal component i£ 
(O) 

Oblique incidence Jjlo J?jJL* 

Ohm's law ^1 j^U 
(P) 

Permeability 4*#-Ul« 

Permittivity ^^^! 

Plane of incidence J» jiJ I ^ 

Plane waves aj^i—jo CjU- ju) 
Potential 

Propagation constant jLisJ'lll c*jI> 

Propagation in various media 

(R) 

Radiated fields o^IIm 
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Radiation 
efficiency 
intensity 
pattern 
resistance 



gU^h 5-Li 

Reflection coefficients 

Right-hand rule ^.u .ll jjl SJlpU 

(S) 

Scalar wave equation 

Sinusoidal steady state excitation 

S ya-~A <j JLaj 
Skin depth t>**k~ Jj*-* 

Slotted line J ^l^o Jai- 
Smith chart t.^o ,„ ilu 

Snell's laws J-jl* j^jly 

Sources and sinks o^LS7,«aj gU< 
Static electric fields 

Static magnetic fields 

Steradian i'ftm^a ^^a* < ii ..ni ijlj 
Stoke's theorem ij^ti 
Surface ^L- 
(T) 

Tangential component <^ <£ y 



Tesla )Lj 

Theorems: &\j.J* 

divergence ^.■■iv-ll 

Stoke's ^jSy^i I 
Time varying fields 

Transients in lossless lines 

Transmission coefficients 

Transmission line models 

JiJI J*>* ^iUj 
Transmission lines JJtJI J»^L>- 

(V) 

Vector algebra oL^-JI ^ 

Vector analysis olfr>v.«.U JJU^' 

Vector notation olj^uJl oU-^Ua^l 
Vector wave equations 

Voltage standing wave ratio 

(W) 

Wave equations i>- jaJ I o*5taliu 

Wave-length ^ jaJ I J jl» 

Work Ji^ 
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